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2 Mission 


The  Mission  of  the  Arnold  Arboretum 

The  Arnold  Arboretum  is  held  in  trust  by  Harvard  University  according  to  the  terms  of  the 
Indenture  of  Trust  of  1872.  This  legal  document  provided  for  the  creation  of  the  living  col- 
lections as  a practical  demonstration  of  the  variety  of  plants  that  could  be  grown  in  this 
climate.  It  also  mandated  the  appointment  of  the  Arnold  Professor  to  manage  the  Arbore- 
tum and  to  teach  the  knowledge  of  trees  and  related  topics. 

Although  there  have  been  many  significant  changes  in  the  fields  of  botany  and  horticul- 
ture and  the  Arnold  Arboretum  itself  has  fulfilled  many  different  purposes  during  the  past 
century,  the  basic  premises  of  the  Indenture  still  hold.  It  is  most  appropriate  to  reempha- 
size the  traditional  strengths  of  the  Arnold  Arboretum  through  a strong  focus  on  botany 
and  horticulture. 

The  mission  of  the  Arnold  Arboretum  may  be  outlined  as  follows: 

(1)  to  develop,  curate,  and  maintain  a well-documented  collection  of  living  woody 
plants  from  around  the  world  that  are  hardy  in  the  Boston  area; 

(2)  to  study  these  plants  and  their  relatives  and  associates  in  nature  through  the  main- 
tenance of  a herbarium  and  library  and  through  directly  related  research  in  botany 
and  horticulture,- 

(3)  to  provide  instruction  in  botany,  horticulture,  dendrology,  and  other  fields  related 
to  the  living  collections. 

As  part  of  the  City  of  Boston's  park  system,  the  Arboretum's  Jamaica  Plain  site  functions 
as  an  outdoor  museum  open  to  the  public.  The  highest  priority  of  the  Arboretum's  adminis- 
tration is  the  proper  curation  and  maintenance  of  these  living  collections.  Proper  curation 
includes  acquisitions  through  field  expeditions  and  exchanges  with  other  institutions  as 
well  as  cultivation  and  propagation  of  existing  specimens  to  enhance  and  maintain  the  scien- 
tific and  instructional  value  of  the  collections. 

The  second  priority  of  the  Arboretum,  the  study  of  its  collections  and  their  relatives  and 
associates  in  nature,  directly  benefits  the  curation  of  the  collections.  The  preserved  collec- 
tions and  the  library  are  indispensable  tools  for  this  research,  and  their  curation  and  main- 
tenance are  therefore  essential.  All  of  the  Arboretum's  resources — the  living  collections,  the 
preserved  collections,  and  the  library — are  available  for  scholarly  research.  The  director  of 
the  Arnold  Arboretum  is  responsible  for  ensuring  that  adequate  and  up-to-date  materials 
are  available  for  present  and  future  scholars  to  teach  and  to  pursue  research  in  the  areas 
represented. 

Educational  programs  are  the  Arboretum's  third-highest  priority.  The  Arnold  Arboretum 
offers  a variety  of  programs  for  public  instruction  in  horticulture,  botany,  dendrology,  and 
landscape  gardening  and,  in  addition,  disseminates  knowledge  of  plants  through  its  publi- 
cations. The  director  and  Arboretum  professional  staff  may  also  offer  courses,  as  appropri- 
ate, within  other  academic  programs  of  Harvard  University. 


— Document  approved  by  the  Harvard  Corporation,  February,  1988. 


Behind  the  Scenes  at  the  Arnold  Arboretum 


David  C.  Michener 

The  living  collections  are  emerging  from  a decade-long  process  of  renewal 
and  verification  in  anticipation  of  a new  era  of  activity 


Why  does  the  Arnold  Arboretum  have  living 
collections?  Whom  are  they  to  serve,  and 
how?  How  do  we  determine  if  the  collections 
are  meeting  their  own  policies  and  goals? 
Such  fundamental  issues  must  periodically  be 
addressed — and  action  then  taken  to  ensure 
that  the  goals  are  met.  This  issue  of  Arnol- 
dia,  focusing  on  the  curation  of  the  living  col- 
lections, describes  the  substantial  review  and 
upgrading  of  the  Arnold  Arboretum's  living 
collections  that  began  nearly  a decade  ago.  A 
portion  of  the  review  has  been  called  the 
"verification  project,"  but  the  work  accom- 
plished has  been  far  more  extensive  and 
provocative  than  the  sum  of  the  individual 
grants  and  projects. 

In  this  issue  are  ten  articles,  written  by  the 
people  most  actively  involved  with  the  review, 
that  describe  distinct  but  interlocking  parts 
of  the  purpose  and  operation  of  the  Arnold 
Arboretum's  living  collections.  Our  living  col- 
lections are  unique  both  for  the  diversity  of 
hardy,  woody  plant  material  they  contain  and 
for  their  documentation.  They  are  an 
extremely  complex  resource  to  curate  and 
maintain — and  much  of  the  complexity  is  not 
evident  even  to  the  most  appreciative  visitor. 
The  articles  that  follow  stand  as  a snapshot 
of  our  living  collections  in  the  late  1980's: 
why  they  exist,  why  we  maintain  them  as  we 
do,  and  how  we,  the  staff,  interact  to  ensure 
that  the  collections  are  capable  of  serving 
their  many  audiences.  By  necessity  this  issue 
has  focused  on  the  review  of  the  living  col- 
lections, so  many  functions  and  departments 
of  the  Arboretum  are  mentioned  only  in  pass- 


ing. It  is  designed  to  take  you  behind  the 
scenes  to  reveal  our  policies  and  motives  in 
working  as  we  do  to  develop,  maintain,  and 
present  the  Arboretum's  living  collections 
that  you  support  and  enjoy. 

In  the  first  essay,  Peter  Raven,  director  of  the 
Missouri  Botanical  Garden  and  former  chair- 
man of  our  Visiting  Committee,  addresses  the 
societal  importance  of  living  collections. 
Next,  Peter  Ashton,  past  director  of  the 
Arnold  Arboretum,  presents  his  perspective 
of  the  impetus  that  prompted  the  review  of 
our  living  collections  during  the  last  decade,- 
it  was  during  his  directorship  that  the  verifi- 
cation project  was  begun.  Rounding  out  the 
historical  perspective  of  the  development  of 
the  Arnold  Arboretum's  own  living  collec- 
tions is  the  contribution  by  Stephen  Spong- 
berg,  research  taxonomist. 

The  verification  project  itself  is  covered  by 
Sandra  Elsik,  curatorial  associate,  and  David 
Michener,  research  taxonomist,  both  of  the 
Arnold  Arboretum.  Their  complementary 
articles  explain  the  steps  involved  in  the 
vouchering  and  taxonomic  review  of  the 
Arboretum's  living  accessions.  Much  of  this 
work  involved  volunteers,  and  in  recognition 
of  the  more  than  6000  hours  they  have  con- 
tributed to  the  project,  an  illustrated  series  of 
quotes,  comments,  and  thoughts  from  the 
volunteers  themselves  illustrates  how  the  liv- 
ing collections  have  been  brought  alive  and 
made  special  to  them. 

Little  of  the  verification  work  could  have 
been  accomplished  or  maintained  were  it  not 
for  the  Arboretum's  records  office  and  the 


4 Behind  the  Scenes 


extensive  documentation  maintained  for  well 
over  a century.  The  records  and  mapping  func- 
tions have  been  or  are  now  being  fully  com- 
puterized. This  is  an  enormously  complex 
task  for  which  there  was  no  appropriate  com- 
mercial software.  Kerry  Walter,  director  of 
botany  and  information  systems  at  the  Center 
for  Plant  Conservation,  explains  how  and  why 
he  developed  the  computerized  database 
called  BG-BASE  as  an  international  effort, 
using  the  Arnold  Arboretum's  records  as  a 
complex  trial  system.  Jennifer  Quigley, 
curatorial  associate  in  the  plant  records  office 
at  the  Arnold  Arboretum,  describes  the  func- 
tions and  interactions  of  that  office,  both  at 
present  and  in  days  past.  Ethan  Johnson, 
curatorial  assistant  in  the  records  office,  out- 
lines the  history  of  our  mapping  system,  as 
well  as  the  ongoing  computerization  of  our 
detailed  inventory  maps.  The  final  article,  by 


Gary  Roller,  managing  horticulturist  of  the 
Arnold  Arboretum,  discusses  issues  in  collec- 
tions development  and  management  under 
the  restrictions  imposed  by  a scientific  col- 
lection. 

This  issue  of  Arnoldia  will  raise  many  ques- 
tions, which  is  understandable  since  it  is 
uncommon  to  explain  the  underlying 
curatorial  policies  and  practices  of  a major  col- 
lection to  public  audiences.  We  hope  your 
appreciation  of  the  Arnold  Arboretum  will  be 
deepened,  and  that  you  will  support  the  con- 
tinuing development  of  our  unique  and  excit- 
ing living  collections— the  heart  of  the  Arnold 
Arboretum — and  the  programs  associated 
with  them. 


David  C.  Michener  directs  the  Arnold  Arboretum's  verifi- 
cation project. 


The  Value  of  Living  Collections 


Peter  H.  Raven 


Living  collections  in  botanic  gardens  and  arboreta  are  precious  assets  that  we 
maintain  in  trust  for  future  generations 


We  base  our  livelihood  largely  on  our  ability 
to  understand  plants  and  to  use  them  for  our 
purposes:  the  Earth  yields  its  rewards  most 
abundantly  to  those  who  cultivate  it  best.  At 
a time  when  human  beings  are  using,  divert- 
ing, or  wasting  more  than  40  percent  of  total 
terrestrial  photosynthetic  productivity,  saving 
plants  has  been  converted  from  a harmlessly 
amusing  pastime  to  a matter  of  life  and  death. 
In  a global  population  that  has  doubled  in  size 
since  the  early  1950's,  more  than  a billion  peo- 
ple exist  in  a state  of  absolute  poverty,  and  half 
that  many  receive  less  than  80  percent  of  the 
United  Nations-recommended  minimum 
caloric  intake  each  day.  Their  situation,  and 
our  sustainable  use  of  the  planet's  resources, 
can  be  improved  only  by  a more  complete 
knowledge  of  plants. 

Only  a few  hundred  kinds  of  plants  are  cur- 
rently cultivated  on  a wide  enough  basis  to 
be  considered  crops  in  world  commerce;  of 
these,  fewer  than  two  dozen  provide  more 
than  four-fifths  of  human  caloric  intake.  Sur- 
prisingly in  the  face  of  these  numbers, 
however,  economic  botanists  estimate  that 
tens  of  thousands  of  kinds  of  plants  may  be 
usable  as  sources  of  food,  and  that  many  more 
could  potentially  satisfy  the  need  for  the  fuel 
that  supports  the  energy  requirements  of  fully 
1.5  billion  people — well  over  half  of  those  who 
live  in  the  warmer  regions  of  the  globe.  As 
devastation  spreads  through  the  remaining 
half  of  the  Earth's  forests  and  carbon-dioxide 
loading  in  the  atmosphere  accentuates  the 


greenhouse  effect,  people  are  becoming 
increasingly  concerned  with  the  kinds  of 
plants  that  they  may  be  able  to  use  to  reforest 
the  cleared  areas  and  thus  contribute  to  a sta- 


Franklinia  alatamaha,  once  endemic  to  a single  lo- 
cation in  Georgia,  is  extinct  in  the  wild  and  is  now 
seen  only  in  cultivation.  Although  the  majority  of  en- 
dangered plant  species  are  in  the  tropics,  Temperate 
Zone  botanical  gardens  and  arboreta  can  help 
preserve  their  climate’s  endangered  species  in  living 
collections.  Photograph  courtesy  of  Racz  and 
Debreczy. 


6 Value  of  Living  Collections 


ble  and  relatively  prosperous  world  in  the 
future.  Nearly  half  of  our  prescriptions  con- 
tain molecules  initially  derived  from  plants 
or  microorganisms,  yet  only  a very  small  per- 
centage of  such  organisms  have  been  exa- 
mined for  such  useful  products.  The 
opportunities  for  future  development,  espe- 
cially given  the  potential  of  genetic  engineer- 
ing, are  virtually  limitless.  In  this  whole 
process,  living  collections,  because  of  their 
accessibility  and  the  potential  for  repeating 
diverse  scientific  observations  on  single, 
specified  individuals,  are  of  special 
importance. 

With  more  than  a quarter  of  the  world's 
250,000  species  at  risk  of  extinction  over  the 
next  20  years  or  so,  it  is  a matter  of  great  satis- 
faction that  perhaps  75,000  species  of  plants 
are  already  in  cultivation — most  of  them  only 
in  botanical  gardens  or  arboreta.  Even  though 
in  most  cases  these  plants  do  not  represent 
genetically  adequate  samples,  they  are  pro- 
tected to  some  degree  in  the  gardens  and  do 
constitute  a resource  of  incredible  importance 
to  future  human  progress.  Unfortunately, 
most  samples  represent  temperate  plants,  and 
a much  smaller  proportion  of  tropical  and  sub- 
tropical floras  is  currently  cultivated.  This  sit- 
uation should  be  rectified  as  a matter  of 


urgent  priority  by  the  formation  and  world 
support  of  a network  of  tropical  botanical 
gardens  and  seed  banks,  and  it  is  encouraging 
that  the  International  Union  for  the  Conser- 
vation of  Nature  and  Natural  Resources  is  pur- 
suing just  such  a goal.  Even  for  the  plants  of 
temperate  regions,  however,  the  preservation 
of  adequate  samples  is  of  critical  importance, 
and  many  species  will  disappear  forever 
within  the  next  few  years  unless  they  are 
accorded  special  attention. 

Building  a stable  world  a century  from  now 
will  be  a daunting  task,  but  the  plants  that 
we  save  in  our  time  will  constitute  a major 
resource  for  this  purpose.  Viewed  in  this  light, 
our  living  collections  are  precious  assets,  to 
be  cherished  and  augmented  not  only  because 
of  their  current  usefulness,  but  for  the  sake 
of  our  children  and  grandchildren.  In  drawing 
wider  attention  to  their  potential,  the  current 
number  of  Arnoldia  performs  a valuable  ser- 
vice; the  implications  of  its  message  should 
be  brought  to  the  attention  of  policymakers 
at  all  levels  because  of  their  urgent  impor- 
tance for  us  all. 


Peter  H.  Raven  is  the  director  of  the  Missouri  Botanical 
Garden  and  an  internationally  prominent  conservationist. 


The  Genesis  of  the  Arboretum's  Restoration  and 
Verification  Projects 

Peter  S.  Ashton 


The  curatorial  review  of  the  Arboretum's  living  collections,  although 
thoroughly  modern  in  scope  and  method,  is  rooted  in  the  original  design  by 
Sargent  and  Olmsted 


Some  years  ago,  encouraged  by  the  rediscov- 
ery of  the  original  Olmsted  plans,  I wrote  an 
essay  (see  Arnoldia,  Volume  39,  Number  5, 
pages  330-343,  1979)  endeavoring  to  show 
that  what  Sargent  and  Olmsted  had  in  mind 
when  they  created  the  Arnold  Arboretum  in 
the  nineteenth  century  is  consistent  with  its 
modern  functions  as  a university  educational 
and  research  collection  and  a public  amenity. 
My  interest  was  to  define  a curatorial  policy, 
particularly  an  accession  and  deaccession 
policy,  that  would  once  again  reconcile  these 
potentially  conflicting  purposes  and  at  the 
same  time  honor  the  historical  landscape 
design.  The  uniqueness  of  the  original  con- 
cept of  Arnold's  Arboretum  is  now  recognized 
by  its  status  as  a National  Historic  Landmark, 
and  we  should  do  well  to  respect  that. 

Our  inspection  in  the  late  1970's  of  the 
maps  of  current  holdings  confirmed  that 
major  plantings  from  the  days  of  Sargent  and 
Olmsted  still  provided  the  backbone  of  the  liv- 
ing collections.  Their  family  groupings, 
arranged  along  the  principal  drive  according 
to  Bentham  and  Hooker's  botanical  classifica- 
tion, still  not  only  suit  the  needs  of  botanical 
classes  and  researchers  who  require  rapid 
access  but  also — and  this  is  often  not 
appreciated — are  basic  to  Olmsted's  way  of 
using  trees  in  the  landscape.  Olmsted,  follow- 
ing eighteenth-  rather  than  nineteenth- 


century  English  tradition,  used  copses  and 
hangers  of  trees  of  similar  form,  rather  than 
individuals,  to  set  off  the  natural  folds  of  the 
land  as  viewed  from  his  majestic  road  system. 
Thus  the  Arboretum,  though  serving  pri- 
marily an  academic  rather  than  a recreational 
function,  was  nonetheless  part  of  an  aesthetic 
unity  with  its  stately  neighbor,  Franklin  Park. 

Unfortunately,  though  our  propagation  and 
location  records  were  still  superbly  main- 
tained, the  confirmation  of  the  identity  of 
each  accession  had  become  less  consistent 
and  rigorous  after  the  retirement  in  the  1940's 
of  Sargent's  celebrated  collections  taxonomist, 
Alfred  Rehder.  This  was  potentially  serious, 
because  without  accurate  identification  of  the 
plants  the  collections  lose  much  of  their  aca- 
demic utility.  Errors  in  identification  can  arise 
by  several  means.  Woody  plants  in  cultivation 
can  differ  vastly  in  phenotype  from  their 
sibling  plants  in  nature,  leading  to  subsequent 
questions  of  identity.  Earlier  in  this  century 
cultivated  material  was  obtained  from  other 
gardens  and  nurseries,  and  all  too  often  it  con- 
sisted of  garden  hybrids,  backcrosses,  and 
sports  not  found  or  persisting  in  nature.  In 
addition,  mix-ups  can  arise  in  the  nursery  if 
labels  or  locations  are  inadvertently  switched 
and  the  error  is  not  caught  before  the  stock 
is  planted  in  the  permanent  collections. 
Finally,  confusion  and  redundancy  can  result 
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Mature  trees  o/Cedrus  libani  in  their  native  habitat  near  1500  meters  above  sea  level  in  the  Taurus  Mountains 
of  Turkey.  Photograph  courtesy  of  Racz  and  Debreczy. 


if  the  scientific  nomenclature  is  not  kept  cur- 
rent or  if  inadequate  attention  is  paid  to  recon- 
ciling botanical  and  horticultural  names, 
which  sometimes  differ  since  they  are  covered 
by  separate  international  codes  of  nomen- 
clature. 

In  1979  our  preliminary  surveys  had  already 
allowed  us  not  only  to  confirm  the  contem- 
porary validity  of  Olmsted  and  Sargent's 
scheme,  but  also  to  seek  the  assistance  of  the 
National  Science  Foundation  in  restoring  the 
living  collections  to  their  former  status  as  one 
of  the  world's  best-curated  living  collections 


of  woody  plants.  We  can  now  say  that  this  goal 
has  largely  been  achieved.  Indeed,  thanks  to 
computer  technology,  our  living  collections 
are  better  curated  than  they  have  ever  been 
before,  setting  a standard  that  is  once  again 
being  followed  by  botanical  gardens  through- 
out the  world. 

What  has  contributed  to  the  success  of  this 
multifaceted  review  is  not  only  the  inspired 
and  dedicated  staff,  but — far  less  obvious  yet 
equally  important — their  effective  coordina- 
tion and  interaction  in  identifying  and  accom- 
plishing complex  tasks.  These  interactions, 
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Cedrus  libani  growing  in  the  Arnold  Arboretum.  The  cultivated  material  is  about  the  same  age  as  the  wild  trees 
in  the  previous  photo,  yet  is  taller  and  has  a more  open  crown  and  darker  green  needles.  Photograph  courtesy 
of  Racz  and  Debreczy. 


though  not  always  without  some  (ultimately 
resolvable)  controversy  have  truly  been  the 
key  to  the  project's  success.  Information  about 
our  plant  accessions  must  be  entered  and 
updated,  and  it  must  flow  seamlessly  among 


the  plant-propagation  unit,  the  plant  records 
office,  the  herbarium,  and  scattered  members 
of  the  curatorial  and  maintenance  staff.  In  a 
real  sense,  the  computerization  of  the  records 
was  only  an  electronic  modernization  of  exist- 
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ing  channels  of  information  flow,  rather  than 
the  imposition  of  an  experimental  adminis- 
trative structure. 

The  restoration  of  the  living  collections  at 
the  Arnold  Arboretum  and  the  reevaluation 
of  curatorial  procedures  have  come  at  the  right 
time.  The  increasingly  pressing  need  for 
gardens  to  play  their  part  in  saving  species 
from  extinction  can  only  be  achieved  if  the 
gardens  maintain  precise  and  comprehensive 
records.  It  is  therefore  no  accident  that  the 
National  Center  for  Plant  Conservation,  Inc., 
decided  to  establish  its  national  headquarters 
at  our  Hunnewell  Building.  Furthermore,  the 
imminent  revival  of  tropical  botanical  gardens 
as  tools  for  the  introduction  of  new  plants  for 
contemporary  development  needs  will  cer- 


tainly call  on  the  experience  now  gained  by 
our  and  other  Temperate  Zone  botanical- 
garden  staff,  in  propagation  as  well  as  in 
curation. 

Living  collections,  even  of  long-lived  plants, 
constantly  change.  Now,  though,  thanks  to 
this  dedicated  team  there  is  a defined 
policy — a curatorial  template — against  which 
future  policy  modifications  must  be  con- 
sciously considered  and  measured. 


Peter  S.  Ashton  is  a member  of  the  Harvard  University 
faculty  and  is  a past  director  of  the  Arnold  Arboretum. 
He  is  currently  president  of  the  International  Association 
of  Botanic  Gardens. 


Establishing  Ttaditions  at  the  Arnold  Arboretum 

Stephen  A.  Spongberg 


Charles  Sprague  Sargent's  early  planting  schemes  and  the  collections  he 
developed  still  form  the  backbone  of  the  Arboretum  today 


Sargent  and  the  Arboretum's  Beginnings 

On  the  twenty-fourth  of  November,  1873, 
Charles  Sprague  Sargent  was  appointed  direc- 
tor of  the  recently  established  Arnold  Arbore- 
tum by  the  President  and  Fellows  of  Harvard 
College.  On  the  twenty-sixth  of  November,  he 
married  Mary  Robeson  of  Boston.  Within  the 
space  of  two  days,  Sargent's  life  was  forever 
changed  and  set  on  a new  course.  The  thirty- 
two-year-old  Bostonian  had  committed  him- 
self to  what  would  soon  become  two  lifelong 


Charles  Sprague  Sargent,  the  first  director  of  the  Ar- 
nold Arboretum,  studies  pine  cones  in  the  Arbore- 
tum's collection.  Photograph,  taken  in  1912  by  T.  E. 
Man,  from  the  Archives  of  the  Arnold  Arboretum. 


devotions:  one  to  trees  and  the  development 
of  the  Arnold  Arboretum,  the  other  to  his  wife 
and  their  enduring  family  life  at  Holm  Lea, 
their  home  in  Brookline,  Massachusetts. 

When  Sargent  accepted  the  directorship  of 
the  fledgling  Arboretum,  he  was  also  director 
of  the  now-defunct  Harvard  Botanic  Garden 
in  Cambridge  and  professor  of  horticulture  at 
Harvard's  Bussey  Institution.  The  latter 
department  was  located  on  land  in  the 
Jamaica  Plain  section  of  Boston,  which  Ben- 
jamin Bussey  had  bequeathed  to  Harvard  Col- 
lege on  his  death  in  1842,  the  year  that  Asa 
Gray,  Sargent's  friend  and  professional  men- 
tor, had  come  to  Harvard  and  the  Botanic 
Garden  in  Cambridge.  When  James  Arnold,  a 
wealthy  businessman  and  philanthropist  from 
New  Bedford,  Massachusetts,  died  in  1868,  he 
left  a portion  of  his  residual  estate  to  three 
trustees  and  thereby  set  in  motion  the  series 
of  events  that  would  result  in  the  establish- 
ment of  another  Harvard-affiliated  botanical 
institution.  After  Arnold's  trustees  had  com- 
pleted their  negotiations  with  the  Harvard 
Corporation,  they  agreed  that  the  Arnold 
bequest  would  be  transferred  to  the  perma- 
nent trusteeship  of  the  Corporation  and  that 
the  income  would  be  utilized  for  the  estab- 
lishment and  support  of  an  arboretum,  to  be 
known  as  the  Arnold  Arboretum. 

With  a small  income  from  the  trust  to 
devote  to  the  Arboretum's  development  and 
137  acres  of  the  Bussey  estate  to  use  as  its  site, 
Charles  Sargent  was  faced  with  the  task  of 
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bringing  together  a living  collection  of  plants 
from  all  accessible  corners  of  the  earth  for 
trial  in  the  new  Arboretum.  The  indenture  of 
the  institution,  which  had  been  drawn  up  and 
agreed  upon  by  Arnold's  trustees  and  the  Har- 
vard officials,  clearly  outlined  the  purpose  of 
the  first  university-affiliated  arboretum.  Both 
parties  hoped  to  see  a comprehensive  collec- 
tion of  trees  established  that  would  stand  as 
a living  museum.  Specifically,  the  indenture 
stated  that  "as  far  as  is  practicable,  all  the 
trees,  shrubs,  and  herbaceous  plants,  either 
indigenous  or  exotic,  which  can  be  raised  in 
the  open  air.  . ."  would  be  grown,  and  this  all- 
encompassing  collection  should  "be  raised  or 
collected  as  fast  as  is  practicable.  . . ." 

With  this  overwhelming  responsibility,  it  is 
in  retrospect  astounding  that  anyone  was  will- 
ing to  undertake  the  directorship.  Yet  Sargent 
was  ambitious  and  eager  to  begin  the  experi- 
ment. Wisely,  and  undoubtedly  with  approba- 
tion from  Professor  Gray  in  Cambridge, 
Sargent  immediately  narrowed  his  focus  to 
include  only  ligneous  taxa — trees,  shrubs,  and 
woody  climbers — plants  that  would  be  the 
expected  emphasis  if  the  young  institution 
was  to  develop  into  an  arboretum,  which  is 
by  definition  a place  grown  with  trees. 
Moreover,  a rationale  for  this  early  policy  deci- 
sion was  based  on  the  fact  that  the  seven-acre 
Botanic  Garden  in  Cambridge  comprised  col- 
lections of  herbaceous  plants  systematically 
arranged  in  family  beds.  What  the  University 
clearly  needed  was  a collection  of  ligneous 
plants  to  complement  the  collections  in  Cam- 
bridge. Duplication  of  effort  would  result  if 
the  Arboretum  focused  on  herbaceous  plants, 
and  the  space  required  for  establishing  plan- 
tations of  trees  was  available  at  the  Jamaica 
Plain  site,  not  in  Cambridge. 

Fortunately,  Sargent  had  not  only  the  back- 
ing of  Asa  Gray  in  this  early  departure  from 
the  letter  of  the  law,  but  also  his  respect  and 
friendship.  As  the  foremost  American  botanist 
of  his  generation  and  for  thirty  years  the  direc- 
tor of  the  Botanic  Garden,  Gray  had  inaugu- 
rated Sargent's  botanical  and  administrative 
career  when  he  engineered  the  young  Brah- 
min's appointment  as  his  successor  at  the 


Botanic  Garden.  As  Gray's  protege,  Sargent 
had  been  introduced  to  the  network  of  Ameri- 
can botanists  and  naturalists  who  turned  to 
Gray  as  the  ultimate  botanical  authority  in 
North  America.  By  means  of  letters  of 
introduction  and  by  virtue  of  his  stature  as 
dean  of  American  botanists,  Gray  also 
provided  Sargent  with  an  entree  into  European 
botanical  and  horticultural  circles.  On  their 
honeymoon  trip  the  Sargents  sailed  to 
England  and  traveled  on  the  Continent,  where 
they  were  cordially  welcomed  to  Europe's 
botanical  gardens  and  museums,  and  where 
the  foundations  of  many  lifelong  friendships 
with  European  plantsmen  were  laid. 

Basing  himself  initially  in  the  estate  office 
at  Holm  Lea,  Sargent  launched  into  a 
prolonged  planning  phase  for  the  Arboretum 
after  returning  from  Europe  in  1874.  His  first 
step  was  to  inventory  the  trees  that  were  grow- 
ing naturally  on  the  topographically  diverse 
Jamaica  Plain  property.  These  trees  ranged 
from  the  native  hemlocks  on  Hemlock  Hill, 
then  known  as  Bussey's  woods,  to  the  native 
stands  of  oak  and  hickory  woodlands  that  had 
survived  on  several  of  the  glacial  drumlins, 
sites  that  in  earlier  years  had  proven  inap- 
propriate for  Bussey's  fields  or  orchards. 

The  Early  Development  of  the  Living 
Collections 

The  trees  and  shrubs  native  to  New  England 
but  not  indigenous  to  the  Arboretum  proba- 
bly constituted  Sargent's  first  list  of  desider- 
ata. Exotic  species  growing  in  the  Botanic 
Garden  in  Cambridge  were  also  propagated  for 
establishment  in  Jamaica  Plain  and  were 
among  the  first  accessions  to  be  planted  in  the 
Arboretum.  The  early  records  indicate  that 
Sargent  began  an  active  correspondence  with 
the  curators  of  European  botanical  gardens 
and  nurserymen  in  England,  France,  and  Ger- 
many, and  many  of  the  species  long  cultivated 
in  Europe  were  thus  established  in  the  Arbore- 
tum nurseries  for  eventual  transfer  to  the 
Arboretum  grounds. 

Sargent's  real  emphasis  during  the  first  two 
decades  of  his  directorship,  however,  was  on 
gathering  a collection  of  native  American 
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A view  of  the  elm  collection  on  the  slope  of  Bussey 
Hill  in  the  Arnold  Arboretum,  illustrating  Sargent’s 
plan  to  include  native  trees  in  the  collection  as  in- 
dividual specimens  and  as  groups,  in  order  to  approx- 
imate forest  conditions.  Photograph,  taken  in  1903 
by  T.  E.  Man,  from  the  Archives  of  the  Arnold  Ar- 
boretum. 

trees  and  shrubs.  Indeed,  the  diversity  of 
American  species  was  to  form  the  backbone 
of  the  collection;  Sargent  based  his  planting 
plan  for  the  collection  he  intended  to  obtain 
on  the  number  of  taxa  known  from  North 
America  and  allocated  space  for  each  genus 
and  family  accordingly.  In  this  work  Sargent 
was  again  indebted  to  the  influence  of  Asa 
Gray  who  had  recommended  that  he  be  given 
the  responsibility  of  preparing  a census  report 
of  North  American  trees  for  the  United  States 
government. 

Prior  to  Sargent's  benchmark  contributions 
to  the  Tenth  Census  of  the  United  States 
(embodied  in  his  Report  on  the  Forests  of 
North  America),  information  concerning  the 
extent,  condition,  and  species  composition  of 
American  forests  was  largely  conjectural.  A 
study  of  forests  of  the  scope  of  Sargent's  had 
never  before  been  undertaken,  and  no  compre- 
hensive flora  of  North  America,  let  alone  of 
the  United  States,  had  been  published.  But 
having  a governmental  appointment  and  the 
ability  to  travel  the  length  and  breadth  of  the 
North  American  continent  with  a view  to  col- 
lecting information,  specimens,  seeds,  and 
cuttings  for  propagation,  Sargent  gathered  a 
massive  amount  of  pertinent  data.  As  an 
indirect  result  of  these  activities,  an 


extremely  wide  range  of  trees  and  shrubs  from 
every  region  of  the  United  States  and  Canada 
were  soon  incorporated  into  the  Arboretum's 
living  collections.  Sargent  had  the  assistance 
of  a cadre  of  highly  capable  correspondents 
across  North  America  in  his  census  work,  and 
hundreds  of  pleas  for  seeds  of  locally  common 
as  well  as  little-known  species,  many  of  nar- 
row range,  accompanied  his  steady  stream  of 
requests  for  data  on  the  forest  resources  of  var- 
ious regions.  Among  his  correspondents  were 
such  great  botanists,  plantsmen,  and 
naturalists  as  George  Engelmann  in  Missouri, 
Charles  Mohr  in  Alabama,  Michael  S.  Bebb 
in  Illinois,  Thomas  Meehan  in  Pennsylvania, 
John  Muir  in  California,  Reginald  Cox  in  Loui- 
siana, and  John  Harbison  in  North  Carolina. 
Due  to  their  tireless  efforts  coupled  with  Sar- 
gent's, the  living  collections  of  the  Arnold 
Arboretum  began  to  become  comprehensive 
in  scope. 

Encouraged  by  the  results  of  his  census 
work,  Sargent  began  work  on  a natural  exten- 
sion of  the  project,  and  by  1890  a prospectus 
for  his  Silva  of  North  America  announced 
that  this  monumental  undertaking  would  be 
published  complete  in  12  quarto  volumes  and 
illustrated  with  600  plates.  After  the  twelfth 
volume  had  appeared  in  as  many  years, 
however,  two  supplementary  volumes  were 
announced,  which  were  needed  to  accommo- 
date new  species  (primarily  hawthorns)  that 
had  been  discovered  during  the  course  of  the 
work. 

Acquisitions  from  Overseas 

Sargent  was  occupied  for  more  than  a decade 
in  the  preparation  of  the  Silva  but  still  found 
time  to  stay  abreast  of  botanical  developments 
overseas,  and  he  took  every  opportunity  to 
broaden  his  network  of  correspondents  to 
include  botanically  inclined  residents  of  for- 
eign lands.  By  1878  this  network  had  been 
enlarged  to  include  William  Smith  Clark  on 
the  northern  Japanese  island  of  Hokkaido.  In 
1882  correspondence  was  inaugurated  with 
Emil  Bretschneider,  a Russian  physician  who 
was  stationed  in  Peking  (Beijing),  and  during 
the  last  decade  of  the  nineteenth  century  Sar- 
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gent  was  posting  letters  to  Augustine  Henry, 
an  Irishman  employed  by  the  Chinese 
Imperial  Maritime  Customs  Service  and  liv- 
ing in  Ichang,  a town  on  the  banks  of  the 
Yangtze  River  in  Hupeh  (now  Hubei)  Province 
of  central  China. 

With  much  of  his  personal  field  work  in  the 
forests  of  North  America  completed,  Sargent 
turned  to  eastern  Asia  as  the  next  region  he 
meant  to  explore  in  his  continuing  quest  for 
woody  plants  to  stand  trial  as  cultigens  in  the 
Arnold  Arboretum.  This  decision  was  based 
in  part  on  the  successful  acclimation  of 
Arboretum  plants  that  had  been  grown  from 
seeds  sent  by  his  Asiatic  correspondents.  The 
new  direction  was  also  based  on  Sargent's 
theoretical  knowledge  of  the  close 
phytogeographical  relationship  between  the 
floras  of  eastern  Asia  and  eastern  North 
America,  a biogeographic  phenomenon  that 
had  first  been  fully  investigated  by  Asa  Gray 
in  the  middle  of  the  nineteenth  century. 

Although  Sargent  traveled  to  Japan  in  1892, 
personally  surveying  Japanese  forests  and 
making  extensive  collections  of  seeds  and 
specimens,  he  did  not  visit  China  until  he  was 
in  his  sixty-second  year.  In  1903  he  undertook 
a world  tour  but  spent  only  brief  periods  in 
China,  Korea,  and  Japan.  Sargent  returned  to 
Boston,  however,  fully  aware  that  he  per- 
sonally would  be  unable  to  undertake  the 
time-consuming  and  arduous  field  work 
necessary  to  begin  to  understand  and  cata- 
logue the  ligneous  flora  of  the  Chinese 
empire.  John  Jack,  Sargent's  right-hand  man 
at  the  Arboretum,  traveled  to  eastern  Asia  in 
1905,  and  as  Sargent  had  before  him,  he 
returned  to  the  Arboretum  with  seeds  and 
specimens  of  many  Asiatic  species  never 
before  cultivated  in  North  America. 

Ernest  Henry  Wilson's  Expeditions 
to  China 

In  1907  Sargent  was  finally  successful  in 
finding  an  explorer  and  naturalist  who  had 
previously  proven  his  worth  as  a collector  in 
the  Middle  Kingdom  and  was  willing  to 
undertake  additional  botanical  and  horticul- 
tural exploration  in  China.  Ernest  Henry  Wil- 


son, who  had  completed  two  expeditions  in 
central  and  western  China  for  the  English 
nursery  firm  of  Veitch,  agreed  to  undertake  a 
third  expedition,  this  one  under  Arboretum 
auspices. 

Wilson's  exploits  on  all  four  of  his  Chinese 
expeditions — the  fourth,  in  1910-11,  was  also 
sponsored  by  the  Arboretum — are  well  known 
in  the  annals  of  botany  and  horticulture.  Not 
incidentally,  they  had  an  enormous  impact  on 
the  living  collections  of  the  Arnold  Arbore- 
tum. Quantities  of  propagation  material  of 
many  new  plants  arrived  in  Jamaica  Plain 
from  China,  and  the  onus  fell  to  the  green- 
house staff  to  coax  the  seeds  to  germinate  and 
the  cuttings  to  root.  Confronted  with 
unknown  material  whose  germination  and 
cultural  requirements  had  to  be  determined 
by  trial  and  error,  Jackson  Dawson  and  his 
crew  in  the  greenhouse  had  results  as  excep- 
tionally fine  as  Wilson's  in  the  field. 

When  Wilson's  plants  needed  to  be  moved 
from  the  nurseries  into  the  permanent  collec- 
tions, Sargent  was  faced  with  the  fact  that  cer- 
tain groups  had  not  been  allocated  sufficient 
space  in  the  overall  Arboretum  planting  plan. 
The  problem  was  that  the  Chinese  and  other 
Asian  species  of  many  groups  had  not  been 
known  when  the  planting  plan,  following  the 
Bentham  and  Hooker  classification,  was 
devised,  and  Sargent  and  Frederick  Law 
Olmsted  had  been  unable  to  anticipate  the 
floristic  wealth  of  central  and  western  China. 
But  Wilson's  bountiful  harvest  was  too  good 
to  be  wasted,  and  exceptions  to  the  original 
planting  rules  had  to  be  made  to  accommo- 
date the  many  new  species  that  required  test- 
ing in  Boston's  climate.  One  parcel  of  land, 
which  had  recently  been  added  to  the  Arbore- 
tum acreage  on  the  south-facing  slope  of  Bus- 
sey Hill,  was  given  over  to  many  of  Wilson's 
Chinese  plants  and  is  known  today  as  the 
Chinese  Walk. 

Sargent  and  Rehder  Document  the  Col- 
lections 

While  Charles  Sargent  was  aggressively 
developing  the  living  collections  during  the 
early  years  of  the  Arnold  Arboretum,  he  was 
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also  identifying  most  of  the  accessions,  the 
majority  of  which  were  of  known  wild 
provenance.  Sargent  was  a practicing  tax- 
onomist, deeply  involved  with  the  woody 
plants  of  North  America,  and  the  leading  den- 
drologist of  his  era.  Many  others  sought  his 
advice  in  matters  of  identity  and  nomencla- 
ture, and  he  was  extremely  careful  that  the 
collection  for  which  he  was  responsible  would 
be  correctly  named  and  labeled.  Moreover,  he 
had  described  many  of  the  taxa  involved,  and 
some  of  the  individuals  growing  in  the 
Arboretum  collections  were  the  very  plants 
from  which  type  specimens  had  been 
gathered. 

Of  the  accessions  received  from  European 
botanical  gardens  and  nurseries,  many  com- 
prised so-called  "authentic"  materials,  mean- 
ing that  the  species  involved  had  been 


described  by  the  donating  correspondent, 
or — as  in  the  case  of  garden  forms — the  culti- 
var  had  originated  and  been  selected  and 
named  by  the  contributing  nursery.  Lemoine 
hybrid  lilacs  and  mock  oranges  come  immedi- 
ately to  mind  as  examples.  Although  many  of 
these  are  only  of  historic  interest  today,  the 
original  plants  or  their  asexually  produced 
propagants  are  still  growing  in  the  Arboretum 
collections,-  they  serve  as  living  reference 
points  for  the  garden  forms  popular  during  the 
decades  surrounding  the  turn  of  this  century. 

The  identities  of  the  Asian  species  that 
literally  poured  into  the  Arnold  Arboretum  as 
the  result  of  expeditions  by  Sargent,  John  Jack, 
and  E.  H.  Wilson  were  largely  determined  by 
Arboretum  botanists  who  worked  in  the 
library  and  herbarium  located  in  the  Museum 
Building.  Alfred  Rehder,  German  born  and  a 


The  taxonomic  staff  of  the  Arnold  Arboretum  pauses  for  a photo  opportunity.  From  left  to  right:  Alfred  Rehder; 
Ernest  H.  Wilson;  Charles  S.  Sargent;  Charles  E.  Faxon,  herbarium  curator  and  botanical  artist;  and  Camillo 
Schneider,  a German  dendrologist  who  prepared  treatments  for  Plantae  Wilsonianae.  Photograph  ca.  1916,  from 
the  Archives  of  the  Arnold  Arboretum. 
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The  Bentham  and  Hooker  Planting  Sequence  in  the 
Arnold  Arboretum 


When  confronted  with  the  problem  of  how 
the  various  accessions  of  woody  plants 
were  to  be  positioned  in  relation  to  one 
another  in  the  Arnold  Arboretum,  Charles 
Sargent  and  Frederick  Law  Olmsted  chose 
to  superimpose  the  natural  classification 
system  of  Bentham  and  Hooker  on  the 
Arboretum  landscape  as  a guide  for  the 
planting  plan.  In  essence,  Sargent  and 
Olmsted  intended  to  indicate  the  natural 
relationships  between  the  various  genera 
and  families  of  plants  represented  in  the 
Arboretum's  collection  by  placing  related 
groups  in  close  juxtaposition,  thereby 
increasing  the  educational  value  of  the  col- 
lection and  allowing  for  easy  access  and 
botanical  comparison.  The  system  they 
chose  to  follow  was  one  widely  accepted  by 
British  and  American  botanists  toward  the 
end  of  the  nineteenth  century,  which  had 
been  proposed  by  George  Bentham 
(1800-1884)  and  Sir  Joseph  Dalton  Hooker 
(1817-1911)  in  their  monumental  three- 
volume  publication,  Genera  Plantarum. 
Bentham  and  Hooker  were  leading  English 
systematists  during  the  nineteenth  century 
and  conducted  their  botanical  investiga- 
tions at  the  Royal  Botanic  Gardens  at  Kew, 
where  Sir  Joseph  had  succeeded  his  father, 
Sir  William  Jackson  Hooker,  as  director. 
The  Genera  Plantarum,  published  in  Latin 
between  the  years  1862  and  1883, 
accounted  for  all  of  the  genera  of  seed 
plants  then  known  to  science  and  included 
precise  descriptions  of  each.  These  genera 
were  grouped  together  based  on  their  over- 
all similarities  into  "cohorts"  (a  grouping 
equivalent  to  today's  plant  family),  and  the 
cohorts  were  similarly  grouped  into  orders, 
classes,  and  three  major  subdivisions: 
dicots,  gymnosperms,  and  monocots. 

Following  the  Bentham  and  Hooker  sys- 
tem, plants  producing  flowers  with  separate 
or  free  floral  parts  were  thought  to  be  less 
advanced,  or  more  primitive,  than  those 


producing  flowers  with  united  parts.  The 
magnolia  family,  the  Magnoliaceae,  was 
considered  one  of  the  least  derived  groups 
of  plants.  Consequently,  the  magnolias  and 
the  closely  related  tulip  trees  were  estab- 
lished near  the  Museum  Building  (now  the 
Hunnewell  Visitors'  Center),  where  the 
planting  sequence  begins.  Progressing 
through  the  collection  from  the  Arborway 
Gate,  one  finds  plant  families  of  increasing 
morphological  complexity  (complexity 
that  sometimes  includes  reduction,  conna- 
tion,  or  loss  of  floral  parts).  The  conifers, 
which  Bentham  and  Hooker  placed 
together  in  a distinct  group  between  the 
dicots  and  monocots,  came  last  in  the 
Arboretum's  planting  plan  and  were  located 
along  Bussey  Brook  at  the  end  of  the  origi- 
nal road  and  pathway  system.  Inasmuch  as 
there  are  few  woody  monocots,  Sargent  and 
Olmsted  could  end  their  planting  sequence 
with  the  conifers,  and  as  if  by  a stroke  of 
luck,  the  grove  of  native  hemlocks  on  Hem- 
lock Hill  fell  into  place  in  the  planting 
scheme. 

Except  for  constraints  placed  on  this  plan 
by  the  ecological  requirements  of  certain 
groups  of  plants,  each  cohort  or  family  was 
allotted  space  in  the  Arboretum  in  a more 
or  less  linear  sequence.  Exceptions 
included  the  placement  of  the  willows  adja- 
cent to  the  low-lying  ground  of  the 
meadow,  and  the  inclusion  of  ericaceous 
shrubs  and  flowering  dogwoods  in  many 
locations  because  of  their  aesthetic  appeal 
and  their  ability  to  knit  the  collection 
together  into  a harmonious  whole. 

Over  the  years  the  Bentham  and  Hooker 
planting  scheme  has  not  always  been 
strictly  followed.  Beginning  in  the  early 
1980's,  however,  restoration  of  the  collec- 
tions following  the  original  plan  has 
proceeded,  so  that  today  the  major  group- 
ings in  the  collection  adhere  to  the  historic 
Bentham  and  Hooker  classification. 
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A view  of  the  pinetum,  or  conifer  collection,  above  the  banks  of  Bussey  Brook.  Photograph,  taken  in  1892,  from 
the  Archives  of  the  Arnold  Arboretum. 


self-taught  taxonomist,  arrived  at  the  Arbore- 
tum in  1898  and  was  first  employed  to  weed 
the  shrub  collection.  Sargent,  however, 
quickly  recognized  Rehder's  keen  taxonomic 
judgment  and  facility  with  languages.  Moving 
Rehder  indoors,  Sargent  gave  him  the  enor- 
mous task  of  assembling  the  bibliographic 
data  required  for  the  Bradley  Bibliography,  a 
five-volume,  3895-page  publication  that 
brought  together  references  to  all  of  the  liter- 
ature on  woody  plants  published  up  to  1900. 

At  the  same  time  he  was  involved  with  the 
Arboretum's  monumental  bibliographic 
project — an  undertaking  that  required  a 
prolonged  sojourn  across  Europe  to  visit 
libraries — Rehder  was  preparing  the  articles 
on  the  important  woody  genera  for  Liberty 
Hyde  Bailey's  Cyclopedia  of  American  Hor- 
ticulture. This  work  required  intimate  taxo- 
nomic knowledge  of  genera  ranging  from 
Abelia  to  Zenobia  and  Zizyphus.  When  E.  H. 
Wilson's  shipments  of  dried,  pressed  speci- 
mens, which  simultaneously  documented  his 
seed  collections  and  the  ligneous  flora  of  cen- 


tral and  western  China,  arrived  at  the  Arbore- 
tum, Rehder's  interest  in  Asian  plants  was 
immediately  aroused.  He  eagerly  turned  his 
attention  to  those  rich  and  ample  collections. 

Plantae  Wilsonianae,  a three-volume  pub- 
lication edited  by  C.  S.  Sargent,  resulted  from 
the  herbarium  and  library  studies  involved  in 
naming  Wilson's  plants.  Although  Sargent 
served  as  editor,  Rehder  did  the  bulk  of  the 
work  required  in  preparing  the  taxonomic 
treatments  of  the  genera  represented  by  Wil- 
son's collections.  In  many  instances  Plantae 
Wilsonianae  gave  synopses  of  all  the  Asian 
representatives  of  a particular  genus.  Wilson 
himself  contributed  to  the  monumental 
effort,  as  did  specialists  in  Europe.  Thus  the 
foremost  authorities  of  the  day  identified  Wil- 
son's Chinese  plants  now  growing  in  the 
Arboretum  and  reviewed  the  pertinent 
nomenclature  to  determine  their  correct 
names.  In  many  instances  they  established 
new  taxa  based  on  Wilson's  collections,  and 
living  plants  grown  from  Wilson's  seeds  were 
represented  in  the  Arboretum's  living  collec- 
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tions.  The  botanical  descriptions  published 
for  these  plants  relate  both  to  Wilson's  speci- 
mens filed  in  the  herbarium  and  to  the  grow- 
ing accessions  in  the  living  collections.  By 
1920  the  collection  of  living  plants  that  Sar- 
gent was  responsible  for  bringing  together  on 
the  Arboretum's  Jamaica  Plain  site  was  truly 
a comprehensive  living  museum  of  the  ligne- 
ous flora  of  the  North  Temperate  Zone. 

With  Sargent's  death  in  1927  and  Wilson's 
tragic,  premature  death  in  1930,  the  influx  of 
plant  materials  intended  for  the  living  collec- 
tions and  generated  by  Arboretum-sponsored 
collecting  trips  slackened,  but  the  ongoing 
curation  of  the  living  collections  continued. 
Rehder  had  begun  a card  catalogue  listing  pub- 
lished references  to  north-temperate  woody 
plants  as  he  worked  on  the  Bradley  Bibliog- 
raphy. This  index,  which  is  referred  to  by 
Arboretum  staff  as  the  "Rehder  Cards,"  was 
maintained  throughout  Rehder's  lifetime, 
with  the  result  that  changes  in  taxonomic 
interpretation  and  nomenclature  were  con- 
stantly monitored.  Those  changes  that  per- 
tained to  plants  in  the  living  collections  were 
noted  by  Rehder  and  Clarence  Kobuski 
(Rehder's  assistant  in  the  herbarium)  and 
given  to  the  appropriate  staff,  who  made  the 
necessary  changes  in  the  living-collections 
records  and  on  the  labels  on  the  grounds. 

Another  outgrowth  of  Rehder's  ongoing 
involvement  with  the  taxonomic  aspects  of 
woody  north-temperate  plants  was  his 
Manual  of  Trees  and  Shrubs  Hardy  in  North 
America  Exclusive  of  the  Subtropical  and 
Warmer  Temperate  Regions,  the  first  edition 
of  which  was  published  in  1927.  This  treatise, 
based  to  a great  extent  on  the  Arboretum's  liv- 
ing collections,  quickly  became  the  bible  of 
horticulturists  and  nurserymen  in  the  United 
States  and  abroad.  Because  of  the  great  num- 
ber of  Chinese  species  described  and  included 
in  its  keys,  the  Manual  also  became  the  guide 
to  woody-plant  identification  most  frequently 
consulted  by  botanists  in  China!  A second  edi- 
tion of  the  Manual  appeared  in  1940,  and  a 
concerted  effort  was  then  made  to  ensure  that 
the  identities  and  names  of  the  plants  in  the 
Arboretum's  living  collections  agreed  with  the 


treatments  in  the  book.  This  task,  undertaken 
by  Rehder  and  Clarence  Kobuski,  constituted 
an  earlier,  comprehensive  effort  similar  in  pur- 
pose to  the  current  National  Science 
Foundation-funded  project  reported  upon  in 
this  issue  of  Arnoldia. 

After  his  retirement  from  the  Arboretum  in 
1940,  which  occurred  four  days  before  his 
seventy-seventh  birthday,  Rehder  continued  to 
work  in  the  library  and  herbarium  and  once 
again  turned  to  bibliographic  work.  The  result 
of  his  final  labors,  which  were  based  on  his 
all-inclusive  card  file  of  literature  references 
for  woody  north-temperate  plants,  was  his 
Bibliography  of  Cultivated  Trees  and  Shrubs. 
Published  in  1949,  a little  more  than  a month 
before  his  death,  Rehder's  Bibliography 
provided  references  for  the  accepted  names 
and  listed  synonyms  of  each  species  and 
infraspecific  taxon  treated  in  his  Manual.  Also 
included  were  the  names  and  synonyms  of 
species  new  to  cultivation — plants  like 
Metasequoia  glyptostroboides — that  had  been 


Back  issues  of  The  Garden,  a now-defunct  weekly 
British  publication.  Developing  and  maintaining  an 
extensive  library  and  archives  for  staff  and  visitor  use 
are  part  of  the  mission  of  the  Arnold  Arboretum.  The 
library,  herbarium,  and  living  collections  together 
comprise  the  interlocking  institutional  collections. 
Photograph  courtesy  of  Racz  and  Debreczy. 


Traditions  19 


The  Arnold  Arboretum's  goal  is  to  cultivate  all  those  woody 
plant  species  and  their  infraspecific  taxa  hardy  enough  to 
withstand  the  climate  of  the  Boston  Basin  [Massachusetts]. 
Three  individuals  of  each  species  are  to  be  grown,  and  an 
attempt  is  made  to  include  individuals  originating  from 
different  points  within  the  geographic  range  of  the  species  to 
ensure  genetic  and  phenetic  diversity.  Plants  of  documented 
wild  origin  are  highly  preferred  to  those  of  nursery  or  garden 
origin.  Although  the  collections  of  the  Arnold  Arboretum 
are  not  complete  by  these  standards,  work  continues  towards 
the  acquisition  and  maintenance  of  a collection  that  is  as 
comprehensive  as  possible. 

(Compiled  from  the  Collections  Policy  published  in 
Arnoldia,  Volume  39,  Number  6,  pages  370-376,  1979.) 


introduced  after  the  appearance  of  the 
Manual. 

The  enormous  body  of  Alfred  Rehder's  bib- 
liographic and  taxonomic  work  (he  was  the 
author  of  more  than  1000  scientific  publica- 
tions), coupled  with  Sargent's  earlier  work  on 
North  American  and  Japanese  trees  and  Wil- 
son's contributions  to  the  taxonomy  of  vari- 
ous groups  like  the  Japanese  cherries  and  the 
Asiatic  rhododendrons,  was  reflected  in  the 
meticulous  curation  and  verification  of  the 
Arboretum's  living  collections.  All  three  men, 
as  well  as  succeeding  generations  of  Arbore- 
tum taxonomists,  utilized  in  their  work  the 
three  major  resources  of  the  Arboretum — the 
library  and  its  associated  archives  and  photo- 
graphic collections,  the  herbarium,  and  the 
living  collections — to  the  benefit  of  the 
Arboretum  as  a whole.  Specimens  in  the  her- 
barium provided  a basis  for  comparison  with 
previously  verified  materials,  many  of  which 
had  been  examined  and  annotated  by  the 
world's  leading  authorities.  The  extensive 
library  provided  ready  access  to  original 
descriptions  and  the  results  of  additional  sys- 


tematic studies  by  both  Arboretum  tax- 
onomists and  specialists  from  around  the 
world.  Additionally,  the  plants  on  the  Arbore- 
tum grounds  were  available  for  easy  compari- 
son using  fresh  materials,  providing  the 
opportunity  to  test  the  validity  of  taxonomic 
conclusions.  They  also  allowed — as  they  do 
today — the  study  of  characters  not  preserved 
in  dried  specimens.  To  observe  aspects  of 
growth  habit,  bark  characteristics,  and  chro- 
mosome number  (to  name  but  three),  it  is  best 
to  study  living  plants. 

Building  on  Established  Traditions 

After  Rehder's  death  the  taxonomic  review  of 
the  living  collections  continued,  but  the 
emphasis  in  acquisition  shifted  toward  hor- 
ticultural varieties  or  cultivars  that  the  nurs- 
ery trade  was  making  available  in  increasing 
numbers.  Donald  Wyman,  the  Arboretum's 
first  horticulturist,  played  a pivotal  role  in 
placing  the  nomenclature  of  cultivars  on  a 
firm  footing  and  established  in  the  Arboretum 
many  cultivar  reference  collections  for  hor- 
ticulturally  important  genera.  In  this  work  he 


20  Traditions 


gave  priority  to  obtaining  authentic  material 
from  the  originators  to  ensure  correct  identity. 
Since  the  names  of  cultivars  are  not  as  tightly 
tied  to  documenting  specimens  and  published 
descriptions  as  are  those  of  entities  given 
botanical  rank,  errors  are  more  frequent  and 
determinations,  often  subjective,  are  more 
difficult  to  verify.  With  these  considerations 
in  mind,  the  Arboretum  decided  in  1979  to 
embrace  an  accessions  policy  that  placed 
restrictions  on  the  acquisition  of  cultivars  and 
to  reassert  a collection  policy  that  emphasized 
botanical  taxa. 

Until  the  current  National  Science 
Foundation-funded  verification  project  began, 
Arboretum  taxonomists  continued  to  make 
annotations  to  the  cards  in  the  living- 
collections  file  in  an  unstructured  fashion 
when  undertaking  revisionary,  monographic, 
and  floristic  studies.  Clarence  Kobuski,  who 
succeeded  Rehder  as  herbarium  curator,  con- 
tinued to  survey  new  materials  intended  for 
the  living  collections  to  determine  if  they 
were  accurately  identified.  A new  system  with 
regard  to  nursery  materials  was  inaugurated 
after  the  Arboretum  acquired  the  Case  Estates 
property  in  Weston,  Massachusetts.  It  became 
customary  for  the  horticulturists  to  move 
plants  to  nursery  rows  in  Weston  after  they 
had  achieved  an  appropriate  size  in  Jamaica 
Plain.  Once  in  Weston,  the  plants  were 
allowed  to  grow  until  they  had  flowered  and 
fruited,  at  which  time  their  identity  could  be 
checked  for  accuracy.  Only  after  this  precau- 
tionary step  had  been  taken  were  the  trees  or 
shrubs  in  question  placed  on  a planting  list 
for  establishment  in  their  permanent  location 
in  Jamaica  Plain.  In  more  recent  years  this 
practice  has  been  followed  to  a lesser  extent, 
primarily  because  of  the  greater  ease  of  grow- 
ing materials  in  containers.  As  a result,  most 
Arboretum  nursery  stock  remains  in  Jamaica 


Plain  until  it  is  planted  in  a permanent 
location. 

Several  former  staff  members  have  been 
instrumental  in  living-collections  develop- 
ment and  the  curatorial  aspects  associated 
with  taxonomic  and  nomenclatural  review. 
Carroll  E.  Wood  has  contributed  greatly  to  the 
curation  of  the  plants  of  eastern  North 
America,  a labor  of  love  that  has  been  an  out- 
growth of  his  efforts  toward  a Generic  Flora 
of  the  Southeastern  United  States.  Peter  Green 
conducted  in-depth  studies  of  numerous 
genera  of  Oleaceae  and  Ulmaceae,  while 
Richard  A.  Howard,  Donald  Wyman,  Paul 
Sorensen,  Burdette  Wagenknecht,  T.  R.  Dud- 
ley, Robert  Hebb,  and  Gordon  DeWolf  made 
extensive  annotations  in  the  records  as  they 
discovered  errors  in  identification  or  changes 
in  nomenclature  during  their  tenures  at  the 
Arboretum. 

Current  Arboretum  staff  continue  to  moni- 
tor nomenclatural  changes  and  taxonomic 
revisions  and  to  annotate  the  living- 
collections  records  accordingly.  They  have 
also  played  a major  role  in  helping  to  develop 
the  computerized  format  for  the  collections 
data  and  to  inaugurate  the  N.S.F.-funded  verifi- 
cation project.  It  is  highly  appropriate  that  the 
nomenclature  and  taxonomic  identity  of  this 
historically  and  scientifically  significant  col- 
lection be  reviewed  as  the  living-collections 
records  are  computerized;  the  data  contained 
therein  will  be  available  in  a multitude  of  new 
formats  for  all  those  interested  in  the  woody 
plants  of  the  North  Temperate  Zone.  Charles 
Sargent,  Ernest  Wilson,  and  Alfred  Rehder 
would  be  pleased. 


Stephen  A.  Spongberg  is  a research  taxonomist  at  the 
Arnold  Arboretum  and  editor  of  the  lournal  of  the  Arnold 
Arboretum. 


From  Each  a Voucher:  Collecting  in  the  Living 
Collections 

Sandia  Elsik 


Arboretum  volunteers  have  been  instrumental  in  collecting  and  organizing 
voucher  specimens  for  verification 


Tracking  Down  the  Accessions 

In  January,  1984,  the  verification  project 
presented  us  with  the  challenge  of  collecting 
multiple  voucher  specimens  from  over  14,000 
accessioned,  or  catalogued,  plants  on  the  265 
acres  of  the  Arnold  Arboretum.  How  were  we 
to  organize,  implement,  and  complete  this 
monumental  project  within  the  six  years 
granted  by  the  National  Science  Foundation? 
Taking  Director  Peter  Ashton's  suggestion  to 
enlist  the  aid  of  volunteers  for  collecting 
specimens,  we  recruited,  trained,  and 
organized  a large  group  into  crews  of  three, 
each  crew  working  three-hour  shifts. 

We  made  a priority  list  of  genera  to  try  to 
collect  during  the  first  season;  it  consisted 
primarily  of  those  that  were  to  be  identified 
by  an  out-of-house  authority.  We  decided  to 
collect  from  only  one  plant  within  each  acces- 
sion lot.  Although  we  began  collecting  from 
the  horticultural  cultivars,  we  later  discon- 
tinued that  practice  to  concentrate  on  the 
naturally  occurring  species  and  variants.  In  an 
effort  to  avoid  revouchering  accessions,  we 
began  a tedious,  methodical  herbarium  search 
to  record  existing  voucher  specimens.  We 
found  so  few  that  we  abandoned  the  effort. 
Volunteers  later  resumed  the  search,  looking 
for  specific  vouchers. 

We  knew  the  Arboretum  had  a good  series 
of  grid  maps,  with  each  accessioned  plant's 
location  clearly  marked.  (See  the  article  on 
mapping  by  Ethan  Johnson.)  I developed  a 
color-coded  system  of  symbols  that  manually 


tracks  each  plant's  collection  status  on  the 
project's  copies  of  both  the  maps  and  the 
printout  (the  Plant  Sciences  Data  Center's 
computer  listing  of  accessioned  plants  in  our 
collection).  The  status  of  record  labels  on  the 


Voucher  specimens  of  Abies  nephrolepis.  Voucher 
specimens  are  cuttings  taken  from  a plant,  includ- 
ing leaves,  flowers,  cones  or  fruits,  and  other  signifi- 
cant parts.  In  addition  to  preserving  vegetative  and 
reproductive  characters  for  identification  purposes, 
the  specimens  also  document  stages  or  aspects  of  the 
plant’s  morphology  as  it  existed  at  a particular  date. 
Note  that  modern  labels  record  much  more  informa- 
tion. Photograph  courtesy  of  Racz  and  Debreczy. 
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plants  and  the  accuracy  of  the  maps  are  also 
tracked  on  this  system.  We  have  known  all 
along  that  our  tracking  system  could  be 
handled  very  easily  on  a computer,  but 
BG-BASE  was  still  in  the  planning  stages  and 
our  project's  deadline  prevented  us  from  wait- 
ing for  the  system,  which  is  now  on-line  (see 
the  article  on  BG-BASE  by  Kerry  Walter).  The 
manual  tracking  system  was  the  precursor  for 
that  portion  of  BG-BASE  that  tracks  voucher 
specimens. 

Translating  a specific  map  location  into 
ground  reality  was  not  as  simple  as  I had 
hoped.  Due  to  years  of  being  seriously  short 
staffed  because  of  financial  problems,  the  liv- 
ing collections  had  become  somewhat  less 
than  perfectly  curated  despite  the  best  efforts 
of  the  curatorial  staff.  Some  groups,  such  as 
the  maples  and  the  lilacs,  were  very  well 
labeled  and  mapped;  others  were  a nightmare. 
Record  labels  were  missing  or  had  "traveled" 
to  the  wrong  plant;  plants  on  the  map  were 
not  on  the  grounds  and  plants  on  the  grounds 
were  not  on  the  map;  map  locations  were 
inaccurate;  large,  spontaneous  plants  of  the 
target  group  had  not  been  weeded  out;  and 
shrubs  had  layered  into  each  other,  making 
their  separation  extremely  difficult.  The 
volunteers  spent  a lot  of  time  "smelling  the 
flowers"  while  I tried  to  determine  which 
specific  plant  we  needed  to  collect.  It  was 
enjoyable  for  them  but  not  very  efficient,  so 
solo  trips  became  the  way  to  sort  out  this  mul- 
tiplicity of  records  and  mapping  problems, 
make  decisions,  and  place  temporary  labels  on 
the  plants.  Although  not  originally  perceived 
as  a part  of  this  project,  such  status  verifica- 
tion, accomplished  through  field  checks  cor- 
related with  the  study  of  both  current  and 
archival  records  and  maps,  was  essential  to  the 
validity  of  the  project:  without  accurate  sta- 
tus information,  any  subsequent  taxonomic 
verification  is  useless.  Much-needed 
assistance  to  field-check  and  remap  the 
densely  planted  areas  at  the  top  of  Bussey  Hill 
came  in  the  form  of  a one-year  Institute  of 
Museum  Sciences  grant.  At  the  completion 
of  the  grant,  one  of  the  curatorial  assistants 
remained  on  the  plant-records-office  staff  and 


has  continued  to  field-check  and  remap  major 
areas.  Additional  assistance  came  from  sum- 
mer student  interns  and  volunteers  in  the 
plant  records  office.  It  still  requires  all  of  us 
working  in  cooperation  with  each  other  and 
with  the  horticulturist,  the  grounds  supervi- 
sor, and  the  grounds  crew  to  make  the  grounds 
and  maps  workable.  (See  the  article  on  plant 
records  by  Jennifer  Quigley.) 

Making  the  Voucher  Specimens 

To  collect  and  make  the  voucher  specimens, 
we  use  a crew  of  three:  a staff  map  person 
(usually  me),  a volunteer  press  person,  and  a 
volunteer  label  person.  The  map  person  must 
first  locate  the  desired  plant,  find  its  record 
labels,  and  make  sure  that  the  map  informa- 
tion agrees  with  the  surrounding  plants  and 
their  record  labels.  When  finally  satisfied  that 
the  plant  under  consideration  is  indeed  the 
targeted  accessioned  plant,  the  map  person 
must  then  determine  if  the  plant  is  ready  to 
collect.  (Usually  this  means  that  the  anthers 
of  a flower  are  shedding  pollen,  or  that  a fruit 
has  reached  its  final  color  and  its  seeds  are 
mature.  Flowers  may  be  very  ephemeral,  last- 


A Liquidambar  specimen  being  trimmed  at  the  time 
of  collection  to  the  size  of  a herbarium  sheet.  Extra 
fruits  are  included  for  later  dissection  or  study.  Pho- 
tograph by  Sandra  Elsik. 
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ing  no  more  than  a day  or  two.  Later,  we  are 
often  in  competition  with  squirrels,  birds,  and 
even  humans  to  collect  the  fruit.)  The  map 
person  announces  the  genus  name  and  acces- 
sion number,  which  are  written,  along  with 
the  date,  on  both  the  margin  of  a newspaper 
sheet  and  a field-label  form. 

The  first  volunteer,  serving  as  the  press  per- 
son, examines  the  plant  for  branches  with  an 
ample  sampling  of  reproductive  material  and 
then  makes  cuttings  for  (usually)  three  speci- 
mens. These  specimens,  arranged  to  show 
upper  and  lower  surfaces,  are  placed  inside  the 
labeled,  folded  newspapers  and  are  folded  or 
trimmed  to  fit  and  to  reduce  overlapping. 
Large  fruits  are  sectioned  to  reduce  bulk  and 
to  show  internal  structures.  The  specimens 
inside  the  newspapers  are  stacked  alternately 
with  sheets  of  corrugated  cardboard  (cor- 
rugates) to  make  a plant  press  inside  the  col- 
lecting cart. 

Meanwhile,  the  second  volunteer,  the  label 
person,  fills  out  the  field-label  form,  record- 
ing name,  number,  and  location  of  the  plant. 
Any  characteristics  not  visible  in  the  finished 
specimen,  such  as  height,  habit,  and  DBH,  are 
recorded.  The  DBH,  or  diameter  at  breast 
height  (four  and  a half  feet  above  ground  level), 
is  measured  with  a special  tape  that  converts 
a circumference  reading  into  a diameter  meas- 
urement. It  is  measured  on  the  largest  stem 
of  the  plant,  a simple  task  except  when  the 
stem  is  protected  by  sharp  thorns  or  prickles 
or  by  a dense  growth  of  poison  ivy.  We  need 
not  record  characters  such  as  the  number  of 
petals  or  the  kind  of  pubescence  because  they 
will  be  visible  in  the  finished  specimen. 
Characters  that  are  altered  in  the  drying 
process  must  be  noted;  for  this  reason  our 
field-label  form  reminds  us  to  indicate  the 
color  of  various  parts  and  the  presence  of  glau- 
cousness (waxy  coating),  scent,  or  exudate. 

One  early  concern  was  our  ability  to  reach 
the  reproductive  parts  on  tall  trees.  For- 
tunately, most  of  the  trees  produced  flowers 
and  fruits  on  limbs  easily  reached  with  our 
12-foot  pole  pruner.  For  the  exceptions,  we 
were  lucky  to  have  the  assistance  of  two  mem- 
bers of  our  grounds  crew,  who  reached  the 


The  collecting  cart  stores  maps,  a clipboard  with 
blank  field-label  forms,  stacks  of  single-fold 
newsprint,  the  press  ends  and  straps  (threaded  so  that 
the  rods  will  not  be  caught  in  the  strapped-down 
press),  cardboard  corrugates,  and  other  supplies. 
Within  the  cart,  the  stack  of  corrugates  shrinks  as 
they  are  used  to  build  the  press;  here  Sandra  Elsik 
and  Volimteer  Sue  Avery  lower  the  shelf  to  allow  more 
room  for  the  growing  press.  With  its  flaps  chained 
shut,  the  cart  is  easily  wheeled  to  a nearby  collect- 
ing spot.  When  the  work  shift  is  over,  the  press  is 
strapped  down  and  is  easily  removed.  Photograph  by 
David  Michener. 

specimens  for  us  in  the  bucket  truck  or  by 
climbing  the  tree. 

If  there  have  been  no  major  problems  up  to 
this  point,  the  shift  progresses  with  the  press 
person  collecting  the  specimens,  the  label  per- 
son recording  the  necessary  information,  and 
the  map  person  determining  the  next  plant  to 
collect.  At  the  end  of  the  shift,  the  press  is 
strapped  down  securely  and  the  cart  is  loaded 
into  the  back  of  the  car.  (As  we  approach  the 
end  of  the  project  and  the  collecting  within 
various  plant  groups  is  completed,  we  find 
ourselves  moving  around  the  grounds  to  col- 
lect from  scattered  plants  rather  than  making 
many  collections  in  a single  area.  Since  it  is 
difficult  to  move  the  cart  over  long  distances, 
we  now  usually  collect  into  field  presses  in 
the  back  of  the  car  rather  than  use  the  cart.) 

Back  in  our  basement  workroom,  foam  pads 
may  be  inserted  between  thick  specimens  to 
maintain  pressure  on  the  leaves  so  that  they 
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Construction  Details  for  Collecting  Cart 

Our  collecting  cart  carries  supplies  and 
organizes  work  space  for  a three-hour  work 
shift  within  a restricted  collecting  area. 
The  box,  of  W plywood  (or  aluminum,  if 
weight  is  important),  is  bolted  flush  to  the 
base  of  a hand  truck.  Internal  measure- 
ments were  calculated  to  provide  tight  fit 
for  a standard  herbarium  press.  The  fixed 


wood  top  shelf  is  recessed  to  form  a work 
surface  with  three  sides.  All  other  shelves 
are  corrugates  or  the  work  materials  them- 
selves resting  on  pairs  of  '4 " metal  rods  that 
are  longer  than  the  width  of  the  box.  Rods, 
stabilized  by  a 90°  bend  at  one  end  and  a 
cotter  pin  through  a hole  in  the  other  end, 
fit  into  paired  holes  in  the  box  sides,  allow- 
ing the  shelves  to  be  moved  up  or  down. 
The  flaps  and  chain  allow  access  yet  pre- 
vent supplies  and  the  press  from  falling  out. 
A pencil  sharpener  and  a digital  clock  are 
glued  on  the  upper  exterior  back  of  the  box. 
Cart  design  by  S.  Elsik,  construction  by  R. 
Famiglietti,  illustration  by  Le-zhong  Wang. 


dry  wrinkle  free.  The  press  then  lifts  right  out 
of  the  cart,  ready  for  tightening  and  placing 
on  the  dryer.  Plant  dryers  can  be  constructed 
of  various  materials  and  in  different  configu- 
rations. Ours  is  a long,  low,  rectangular,  ply- 
wood box,  open  at  the  top  and  bottom.  It  is 
bolted  together  and  fitted  with  a strip  of  incan- 
descent light  bulbs  that  produce  just  enough 


heat  to  flow  upward  through  the  channels  in 
the  corrugates.  This  heated  air  gently  dries  the 
specimens  over  a period  of  two  days  to  two 
weeks  (depending  on  their  resistance  to 
drying). 

The  labeled  newspapers  containing  the 
dried  specimens  are  removed  from  the  presses 
by  our  volunteers,  who  sandwich  together  all 
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the  sheets  from  the  same  plant.  Packaged  in 
plastic,  the  specimens  are  frozen  to  kill  any 
potentially  harmful  insects  or  their  eggs.  The 
packages  are  labeled  by  date  of  collection  and 
stored  in  banks  of  herbarium  cases. 

Meanwhile,  the  field-label  form  is  matched 
with  the  corresponding  entry  in  the  printout 
in  order  to  record  the  collection  and  its  date. 
Several  things  are  checked  for  accuracy:  the 
scientific  name  and  its  spelling,  the  accession 
number,  and  the  location.  Any  discrepancies 
must  be  resolved  before  the  labels  can  be 
processed.  Also  copied  to  the  printout  are  any 
notes  on  the  record  label  or  map  questions 
encountered  in  the  field.  Later  all  problems 
of  this  type  are  reported  to  the  plant  records 
office. 

The  field-label  forms  are  passed  on  to  the 
project  typist,  who  looks  up  the  immediate 
source  information  for  the  accession  and  the 
author  citation  for  the  name.  All  the  informa- 
tion is  then  typed  into  a label-printing  com- 
puter that  creates  the  required  number  of 
herbarium  labels.  Processing  the  labels  in 
batches  by  date  of  collection  makes  it  easy  to 
match  them  to  their  specimens,  which  were 
also  stored  by  date.  Volunteers  assist  again  by 
inserting  one  label  into  each  newspaper/speci- 
men. Specimens  are  then  sorted  and  stored, 
this  time  by  genus,  in  another  bank  of  herbar- 
ium cases. 

Once  the  collections  representing  a genus 
are  complete,  or  nearly  so,  all  the  specimens 
of  that  genus  are  sorted  by  accession  number 
so  that  the  flower  specimen  can  be  matched 
to  the  fruit  specimen.  All  the  specimens  from 
a given  accession  lot  are  spread  across  the 
table,  and  the  accession  numbers  on  the 
newspapers  and  the  labels  are  checked  to 
make  sure  that  they  agree.  The  specimens  are 
checked  against  "listgen,"  the  list  of  vouchers 
that  the  label-printing  computer  says  we  have 
collected  for  the  genus;  occasionally  we  have 
to  search  for  missing  ones.  The  specimens  are 
sorted  into  sets,  each  containing  one  flower 
and  one  fruit.  One  set  is  for  the  Arboretum, 
one  is  to  be  used  as  a gift  for  the  out-of-house 
authority  if  any  (in  return  for  an  identifica- 
tion), and  others  are  for  exchange  with 


selected  institutions.  Corrections  are  made  to 
listgen,  which  then  serves  as  a packing  list 
and  a record  of  what  specimens  were  sent  to 
whom.  Eventually  listgen's  data  will  be  incor- 
porated into  BG-BASE.  The  sets  are  then  pack- 
aged, refrozen,  and  mailed  out-of-house  or 
delivered  to  our  herbarium  for  mounting  by 
staff  and  volunteers.  Finally  they  are  ready  for 
taxonomic  verification.  (See  David  Michener's 
article  on  verification.) 

Sorting  out  the  Accumulated  Confusion 

With  the  specimens  distributed,  the  final  task 
is  to  resolve  the  various  problems  now 
recorded  in  the  project  copy  of  the  printout. 
The  variety  of  difficulties  that  can  occur — 
everything  from  missing  record  labels  or  trans- 
posed accession  numbers  to  very  complex 
problems  that  involve  searching  the  "dead" 
card  file  and  archival  maps — is  always  amaz- 
ing. With  misidentified  plants  being  received 
and  multiple  chances  for  confusion  to  occur, 
any  accurate  record  is  a triumph.  ( BG-BASE 
on  our  new  computer  system  will  help  prevent 
the  repetition  of  many  of  these  same  errors.) 
After  trying  several  other  methods,  we  have 
found  that  it  is  most  efficient  to  relay  the 
problems  in  an  entire  genus  or  family  en 
masse  to  the  plant -records-office  staff.  They 
then  make  the  necessary  changes  to  all  the 
records  and  prepare  any  needed  metal  record 
labels  for  us  to  hang  on  the  plants. 

Having  all  the  collection  activity  recorded 
on  the  project  copy  of  the  printout  allows 
quick  scanning  of  a genus  to  determine  which 
specimens  still  need  to  be  collected.  Often  the 
targeted  plant  cannot  be  found  on  the  map; 
further  searches  may  reveal  that  the  plant  died 
some  time  ago  but  was  never  cleared  from  the 
records,  or  that  the  plant  is  still  on  the 
grounds  although  its  map  entry  has  been  inad- 
vertently deleted.  The  most  frustrating  and 
unresolvable  problem  is  the  number  of  plants 
that  do  not  flower,  or  that  flower  but  do  not 
produce  mature  fruits.  Whatever  the  reason 
for  this  functional  sterility,  we  must  look  at 
the  plant  again  and  again,  season  after  season, 
on  the  chance  that  it  will  eventually  become 
reproductive. 
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Susan  Hardy  Brown  prepares  herbarium  specimens  by  gluing  the  pressed,  dried  material  to  archival-quality  rag- 
paper  sheets.  Susan,  formerly  a volunteer  and  now  a staff  member,  advises  the  volunteers  who  perform  this 
specialized  task.  Photograph  courtesy  of  Racz  and  Debreczy. 


When  we  have  both  the  flower  and  the  fruit 
specimens  from  a given  accession,  its 
accession-number  entry  is  highlighted  on  the 
project  printout  with  a yellow  marker.  Since 
the  accession-number  entries  form  a column 
of  their  own  in  the  printout,  our  goal  is  to 
highlight  the  entire  column.  Any  entry  need- 
ing a specimen  is  marked  with  a color-coded 
sticker,  which  makes  the  scanning  procedure 
even  easier.  Volunteers  copy  the  highlighting 
and  the  collection  stickers  to  the  project 
maps.  The  map  stickers  are  especially  help- 


ful in  seeing  at  a glance  what  is  needed  from 
a particular  map.  Often  we  write  the  expected 
date  of  collection  on  the  sticker.  Our  volun- 
teers particularly  enjoy  copying  the  highlight- 
ing to  the  maps,  since  it  means  that  one  more 
plant's  collections  are  complete.  The  goal  is 
to  highlight  the  entire  map.  As  this  process 
nears  completion,  occasionally  a plant  turns 
up  on  the  map  (and  the  grounds)  that  is  not 
in  the  printout  or  the  "live"  card  file — just  one 
more  way  in  which  the  dual  tracking  system 
allows  us  to  double  check,  or  verify,  the 
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accuracy  of  our  record  entries.  The  conclud- 
ing map  procedure  will  be  to  compare  our 
project  maps  to  the  official  plant-records  maps 
to  assure  that  they  are  in  agreement. 

Realizing  Our  Goals  and  Looking  to 
the  Future 

As  the  1988  collection  season  came  to  a close, 
our  collection  goals,  as  originally  defined, 
were  essentially  complete.  We  have  made  a 
total  of  7480  collections  averaging  three 
sheets  apiece.  Immature  plants,  most  culti- 
vars,  and  certain  hybrids  were  excluded.  Now 
our  volunteer  crews  eagerly  anticipate  fresh 
computer-generated  lists  and  maps,  complete 
with  collection  markers,  as  we  begin  collect- 
ing specimens  from  newly  maturing  plants  as 
well  as  those  previously  sterile. 

Highlights  of  five  years  of  field-checking, 
status  verification,  and  detective  work  have 
included  resolving  major  problems  with 
accessions  on  Peters  Hill,  in  the  Center  Street 
Beds,  in  the  Weld  Street  Tract,  and  along  Lin- 
den Path.  A variety  of  special  collections,  such 
as  the  honeysuckle  family,  the  legume  family, 
the  rose  family  (especially  the  cherries,  haw- 
thorns, and  mountain  ashes),  the  hollies,  the 
rhododendrons,  and  the  willows  presented 
complex  mapping  and  records  problems.  As 


a result,  by  the  end  of  the  grant  period,  1743 
missing  plants,  1346  plants  needing  record 
labels,  and  1349  other  miscellaneous 
problems  will  have  been  reported  to  the  plant 
records  office.  There  remain  a few  plants, 
mostly  vines  on  fences,  that  are  still  mapping 
or  records  mysteries. 

Working  on  the  verification  project  has  been 
very  satisfying.  Breaking  the  project  mto  small 
parts  gave  us  a multitude  of  small  goals  to 
accomplish  and  provided  important  built-in 
rewards  for  both  staff  and  volunteers.  Our 
achievements  (complementing  the  work  of 
the  plant-records-office  staff  and  everyone  else 
working  with  our  living  collections),  plus 
implementation  of  BG-BASE,  have  helped  us 
realize  an  exciting  and  long-sought  objective. 
How  rewarding  it  is  to  be  out  collecting  in  an 
area  that  had  previously  been  a problem  and 
to  be  able  to  find  our  targeted  plant,  complete 
with  record  label,  exactly  where  the  map  says 
it  should  be!  Our  future  visitors,  whether 
amateur  plant  lovers  or  professional  plant 
researchers,  will  be  able  to  access  and  use  our 
living  collections  with  ease  and  confidence. 


Sandra  Elsik  supervises  the  collecting  phase  of  the  verifi- 
cation project. 


Volunteer  Keepers  of  the  Arnold  Arboretum:  Effective 
Program  Design  Yields  Reciprocal  Benefits 

Jeanne  Christianson  and  Sandra  Elsik 


“Working  in  the  program  has  transformed  me  from  a devoted  but  passive 
domestic  gardener  into  a fervent  disciple  of  horticulture." 


Structuring  for  Success 

This  quote  by  volunteer  Mary  Harrison  cap- 
tures the  spirit  of  commitment  felt  by  the 
many  individuals  who,  with  their  contribu- 
tion of  time,  support  the  curation  and 
management  of  the  living  collections  at  the 
Arnold  Arboretum.  In  three  separate  but  inter- 
related areas,  they  have  collected  specimens 
for  the  verification  project,  field-checked  for 
the  plant  records  office,  and  mounted  speci- 
mens in  the  herbarium.  Other  dedicated 
volunteers  work  on  virtually  every  aspect  of 
the  Arboretum.  (See  past  and  future  issues  of 
Arnoldia  for  articles  on  their  work.)  Although 
only  about  half  of  the  Arboretum's  volunteers 
are  described  in  this  article,  we  are  deeply 
indebted  to  all  of  them.  Using  the  words  of 
the  volunteers  themselves,  we  hope  to  make 
others  aware  of  how  much  our  volunteers  have 
contributed  and  express  our  gratitude  for  their 
tremendous  help. 

There  is  no  typical  profile  of  the  Arnold 
Arboretum  volunteer,-  their  backgrounds  and 
interest  in  the  program  differ  greatly.  This 
diversity  has  added  an  element  of  interest  and 
enjoyment  for  everyone  involved.  The  group 
includes  retired  people  now  studying  botany, 
horticulture,  or  home  gardening  as  a second 
career;  avid  home  gardeners  who  desire  to 
help  a worthwhile  institution  while  gaining 
useful  knowledge  and  contact  with  a profes- 
sional staff;  people  working  in  related  careers 
(as  landscape  designers,  nurserymen,  or 
arborists)  seeking  to  enhance  their  knowledge 


of  plants;  others  (secretaries,  nurses,  adminis- 
trators, or  homemakers/mothers  of  young  chil- 
dren) who  are  involved  in  unrelated  careers 
but  are  seeking  a balance  in  their  lives;  and 
a few  who  simply  enjoy  the  altruistic  satis- 
faction of  helping  a worthwhile  institution. 
"To  contribute  in  any  small  way  to  help  at  the 
Arboretum  is  rewarding  to  me,"  reported 
Helen  Hagopian.  Some  go  to  great  lengths  to 
find  the  time  to  help:  one  volunteers  on  his 
vacation  days,  one  day  at  a time;  a few  work 
on  limited  weekend  shifts.  The  amount  of 
time  worked  by  each  volunteer  ranged  from 
ten  to  hundreds  of  hours.  Many  have  become 
devoted  to  the  Arboretum:  some  have  worked 
in  more  than  one  area  and  ten  have  partici- 
pated for  the  entire  five  years  covered  by  this 
article. 

Of  the  three  interrelated  areas,  the  verifica- 
tion project  has  required  the  most  massive 
input  of  volunteer  hours.  (See  the  article  on 
collecting  by  Sandra  Elsik.)  Without  volunteer 
assistance,  the  project  would  have  taken  many 
years  and  been  prohibitively  costly.  For- 
tunately, working  with  the  plants  on  the 
grounds  has  proven  a highly  desirable  volun- 
teer position,  so  there  has  never  been  a short- 
age of  enthusiastic  assistants,-  since  January, 
1984,  84  volunteers  have  worked  a total  of 
6809  hours.  They  have  collected  herbarium 
specimens,  gathered  the  data  needed  for  the 
specimen  labels,  and  performed  numerous 
less-exciting,  but  equally  important, 
associated  indoor  tasks.  During  the  collection 
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phase  of  the  verification  project,  teams  of  two 
volunteers  and  one  staff  member  have  worked 
a regularly  scheduled  three-hour  shift  each 
week  of  the  collecting  season.  The  number  of 
volunteers  needed  for  collecting  has  steadily 
decreased  as  this  phase  of  the  project  has 
neared  completion.  The  first  collection  sea- 
son, in  the  spring  of  1984,  required  38  volun- 
teer assistants;  in  the  fall  of  1988,  only  13  were 
needed  to  collect  the  few  remaining 
specimens. 

In  the  plant  records  office  volunteers  have 
field-checked  countless  acres  of  the  grounds, 
replacing  damaged  and  missing  labels  and 
helping  to  provide  the  information  necessary 
to  the  curation  of  the  collection;  they  have 
assisted  in  records  retrieval  and  maintenance 
and  in  the  updating  of  nomenclatural  refer- 
ence files.  Nine  volunteers  have  worked  in 
this  department,  three  of  them  for  the  entire 
five  years.  (See  the  article  on  the  plant  records 
office  by  Jennifer  Quigley.) 

In  the  herbarium  15  volunteers  have 
mounted  herbarium  specimens.  The  process 
of  arranging  and  gluing  a dried  specimen  onto 
a sheet  of  archival  paper  is  meticulous  and 
time  consuming,  requiring  artistic  and  scien- 
tific sensitivity  as  well  as  great  patience.  It 
does,  however,  offer  the  opportunity  to  exa- 
mine a number  of  interesting  plant  specimens 
closely.  Elaine  Foster  noted  that  "volunteer- 
ing . . . has  made  me  much  more  aware  of 
what  goes  on  in  an  arboretum  and  given  me 
a greater  appreciation  of  plants  and  their 
importance  to  the  environment,  [as  well  as 
allowing  me  to  work]  with  friendly,  helpful 
staff  in  pleasant  surroundings." 

Volunteer  satisfaction,  productivity,  and 
longevity  has  been  unusually  high  on  living- 
collections  projects.  "I  never  have  had  a more 
satisfactory  or  rewarding  volunteer  job,"  said 
Mary  Wolcott,  and  Kathleen  Warren  felt  that 
"the  system  appealed  to  my  sense  of  order  and 
to  my  training  as  an  indexer."  One  factor  con- 
tributing to  this  success  has  been  the  organi- 
zation and  stmcture  of  the  volunteeer  work 
assignments.  Clearly  structured,  sensitively 
supervised  responsibilities  have  provided 
volunteers  with  room  to  grow  into  increas- 


ingly independent  functions  with  a sense  of 
accomplishment  at  the  end  of  each  shift. 
They  have  had  the  additional  satisfaction  of 
working  on  a long-term  project  that  is  mak- 
ing a very  valuable  contribution  to  both  the 
institution  and  the  science  of  botany.  Susan 
Dumaine  noted  that  she  was  "fascinated  by 
and  learned  from  the  complex  yet  facile 
organization  and  resourcefulness  of  both  the 
plants  and  the  project's  leader  over  the  past 
five  growing  seasons." 

Survey  Elucidates  Volunteer  Motivations 

To  assess  the  feelings  of  our  volunteers  about 
their  involvement  in  the  project,  we  con- 
ducted an  informal  survey.  We  discovered  that 


“I  had  always  taken  trees  for  granted  unless  they  were 
doing  something  ‘special’  like  blooming  or  putting 
on  their  fall  colors.  Now  I look  at  the  features  of  each 
type  of  tree — leaf  texture,  growth  characteristics — 
and  can  appreciate  them  for  being  plain  ol’  green!” 
(Kathy  Groves).  Shown  is  a leaf  detail  of  Viburnum 
furcatum,  our  specimen  from  wild-collected  materi- 
al gathered  in  Japan  by  E.  H.  Wilson  in  1915.  Photo- 
graph courtesy  of  Racz  and  Debreczy. 
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their  sense  of  reward  for  their  labors  was  far 
more  than  the  tangible  benefits  of  free  mem- 
bership and  courses.  The  unique  opportunity 
for  detailed,  experiential  learning  from  a liv- 
ing botanical  collection  and  a professional 
staff  was  frequently  cited  as  a highly  valued 
benefit.  Below  are  some  of  the  statements  that 
we  received: 

As  a student  in  the  Radcliffe  Landscape  Design 
Program,  [I  have  found  that]  the  hands-on  education 
has  been  invaluable.  Rather  than  being  intimidated 
by  lists  of  plants  in  books,  we  were  able  to  learn  the 
plants  one  at  a time  while  we  collected  their  flowers, 
described  them  on  the  field  label,  and  made  mental 
notes  about  their  ornamental  characteristics.  Later, 
collecting  the  fruits  reinforced  our  knowledge. 

— Sandra  Jonas 

[I  remember]  sitting  on  the  grass  dissecting  a tiny 
flower  to  finally  learn  the  difference  between  a bract, 
a petal,  and  a sepal,  or  finding  and  identifying  the 
ovary,  style,  and  stigma.  [We  had]  lengthy  team  dis- 
cussions to  give  an  exact  color:  "Is  it  red?"  "Scarlet?" 
"Try  rust."  ...  I had  resisted  the  metric  system  at  the 
gas  tank,  but  by  using  it  in  the  project  it  became  a 
part  of  my  vocabulary  and  I could  think  in  terms  of 
it. — Barbara  Epstein 

[Volunteering  gave  me]  the  opportunity  to  pursue 
a love  of  botany  and  taxonomy  with  a staff  who 
patiently  answered  all  my  questions  and  generously 
shared  knowledge  of  nomenclature,  plant  lore,  and 
botanical  stmctures. — Roberta  Zinman 

Hard  to  summarize  25  years.  In  addition  to  the  fel- 
lowship of  working  with  the  staff,  the  Arboretum 
has  "opened  our  eyes"  to  what  goes  on  with  plants — a 
rare  opportunity  for  anyone  lucky  enough  to  have 
access  to  it. — Richard  Warren 

Even  after  15  years  of  volunteering,  I find  that  I 
learn  something  each  time  I go — from  the  collection, 
and  from  contact  with  the  staff  and  other  volunteers. 
Where  else  could  I find  such  an  opportunity? — Marie 
Dempsey 

Working  at  the  Arboretum  is  a marvelous  oppor- 
tunity to  observe  plants  at  all  seasons  with  an  eye 
toward  their  use  in  landscaping:  their  forms,  seasonal 
effects,  disease  and  drought  resistance,  and  hardiness. 

[It  has  been]  a gold  mine  of  horticultural  informa- 
tion.— Ellen  Bennett 

Mounting  leaf  specimens  for  the  Arnold  Arbore- 
tum is  a pleasant  way  to  educate  yourself  about  geog- 
raphy, botany,  and  artistry. — Lillian  Hagopian 


I loved  learning  the  Latin  names.  It  helped  me  to 
understand  the  value  of  classical  Latin — its  root 
words  and  descriptive  terminology  are  universally 
understood. — Susan  Hardy  Brown 

Volunteers  sometimes  became  poetic  when 
describing  how  the  program  allowed  them  to 
develop  a greater  sophistication  in  their  per- 
ception of  beauty,  noting  the  subtleties  in  tex- 
tures and  shades  within  a monochrome, 
forms  of  bark,  plant  architecture,  miniature 
designs,  and  fruiting  structures.  For  Sophie 
Kulik  these  new  images  allowed  her  to  "gain 
a greater  appreciation  of  the  Arboretum  as  a 
place  of  natural  beauty  for  all  to  enjoy"  Others 
cited  similar  experiences: 

Of  course  one  could  go  on  about  the  endless  oppor- 
tunities for  discovering  and  appreciating  the  natural 
life  in  the  Arboretum.  ...  I especially  remember  the 
amazement  and  joy  that  swept  over  me  when  I first 
saw  a Populus  and  an  Acer  flower  under 
magnification — the  intricacy  and  splendor  were 
beyond  words! — JoAnn  Whitehead 


“After  seeing  the  fantastic-looking  acorns  of  Quercus 
variabilis,  we  purchased  a seedling  at  the  plant  sale 
and  gave  it  to  some  friends  when  their  child  was 
born”  (Mima  Weissmann).  The  large  acorns  of  this 
species,  an  East  Asian  oak,  are  enclosed  in  a bold  and 
dramatic  cup.  Such  details,  often  overlooked  by  visi- 
tors, are  frequently  encountered  by  volunteers.  Pho- 
tograph courtesy  of  Racz  and  Debreczy. 
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“Observing  a leaf  pattern — the  bark  of  a tree — it  was  a horticultural  class  hard  to  come  by’’  (Genevieve  Good). 
Shown  here  are  the  barks  of  a Japanese  cherry,  Primus  apetala  (left),  and  an  East  Asian  oak,  Quercus  variabilis 
(right).  Photographs  courtesy  of  Racz  and  Debreczy. 


Working  as  a volunteer  in  the  verification  project 
has  provided  me  with  a very  special  familiarity  with 
the  Arboretum,  to  meet  plants  at  both  flowering  and 
fruiting  times  and  to  discover  the  amazing  variety 
of  forms  that  exist.  It  is  truly  refreshing  to  the  soul 
to  be  outdoors  each  week,  appreciating  the  natural 
beauty  abounding  in  the  Arboretum. — Anne  Gamble 

I have  been  introduced  to  so  many  wonders: 
Stewartia,  its  exquisite  branches  decked  with  garde- 
nias in  July;  the  bright  red  seeds  of  Magnolia  danc- 
ing on  silken  threads;  the  fruit  of  Cornus  kousa,  as 
safely  edible  as  it  looks;  Calycanthus  with  its  dis- 
crete dark  red  flowers  blooming  shyly  behind  the 
main  borders  of  the  roadway;  autumn  witch  hazel 
quietly  blooming  in  October  unseen  amid  its  yel- 
lowing leaves.  . . . These  are  the  bounties  of  the 
volunteer.  ...  I have  lived  with  the  Arboretum  on 
my  doorstep  for  half  my  life  and  am  grateful  to  the 
program  for  enabling  me  to  get  to  know  it  intimately 
at  last. — Mary  Harrison 

Working  with  the  living  collections  gets  you  off 
the  . . . beaten  paths  of  the  Arboretum.  You  see 
genera  and  species  you  might  not  otherwise  see.  And 


you  get  a chance  to  observe  them  closely,  not  just 
when  they  are  blooming.  How  rewarding  that  can 
be!  For  instance,  when  we  were  checking  the  map- 
ping and  labeling  in  the  . . . Primus  collection,  it  was 
in  October  and  the  Prunus  plums  were  fully  ripe — 
yellow,  purple,  orange,  and  blue.  Our  job  description 
did  not  call  for  fruit  sampling,  but  taste  them  we  did. 
Tiny  in  comparison  to  their  supermarket  relatives 
but  much  more  flavorful.  Shall  we  call  this  a fringe 
benefit? — Bob  Siegel 

Once  while  out  collecting  we  stopped  to  look  at 
the  Symplocos,  also  known  as  sapphire  berry.  There 
it  was,  right  on  the  road  between  the  lilac  beds  and 
the  greenhouse,  and  it  was  covered  with  the  most 
incredibly  blue  berries!  Apparently  they  only  last  a 
few  weeks  before  the  color  darkens  or  the  birds  eat 
them.  In  18  years  of  visits  to  the  Arboretum,  I had 
never  walked  by  at  the  right  moment!  . . . Last  week 
someone  looked  at  one  of  the  vases  I had  made  and 
said  it  reminded  her  of  water  and  trees — no  draw- 
ings or  any  graphic  representations — just  the  vase 
itself.  I took  it  as  a great  compliment,  and  I know 
that  being  out  on  the  grounds  has  been  a constant 
inspiration  to  me. — Mima  Weissmann 


32  Volunteers 


Volunteers  33 


My  five-year  collection  trip  at  the  Arnold 
Arboretum — the  landscape  was  spectacular,  the  spe- 
cies exotic,  and  the  natives  very  congenial. — Sue 
Erwin 

We  would  like  to  give  special  recognition  to  the 
following  Arboretum  visitors  that  we  have  observed 
on  the  grounds.  The  Globetrotter  Award:  to  the 
Brazilian  cardinal  seen  flitting  around  the  Visitor 
Center  in  the  fall  of  1986.  The  Most  Dedicated 
Workers  Medal:  to  the  rangers  who  stalked  us  as  we 
were  submerged  in  the  ten-foot  flowering  Jerusalem 
artichokes.  The  Best  Hunters:  to  the  red-tailed  hawks 
who  routinely  catch  the  odd  snake  and  the  not-so- 
odd  Norway  rat.  The  Most  Perfect  Timing  Award: 
to  the  mystery  picker  with  his  rake  who  combs  the 
lowbush  blueberries  under  the  pines  just  before  we 
get  there. — Nell  Walker 

. . . the  discovery  of  unusual  fruits  [such  as]  those 
tennis-ball-green  osage  oranges.  ...  To  actually  be 
allowed  to  pick  the  blossoms  and  collect  the  fruits 
at  their  peak  of  development  was  such  a privilege. 

It  was  like  being  Eve  in  the  Garden  of  Eden  and  being 
given  permission  to  pick  the  apples.  . . . Collecting 
the  silverbells  ( Halesia ) was  special.  I had  known 
about  them  from  the  poem  "In  Praise  of  Silverbells," 
which  my  mother  had  written.  To  describe  them  on 
the  label  became  a challenge.  Was  the  flower  "shell- 
pink,  like  a tropical  atoll,"  as  my  mother 
described? — Susan  Hardy  Brown 

Volunteers  and  staff  were  challenged,  both 
physically  and  mentally,  by  the  rigors  of  work- 
ing on  the  grounds  (and  in  an  old  building 
lacking  adequate  climate  control).  For- 
tunately, such  difficulties  were  usually  per- 
ceived as  part  of  the  fun;  camaraderie  and 
dedication  prevailed.  Again,  as  our  volunteers 
tell  it: 

Regardless  of  exhaustion  from  the  rain,  heat,  or 
cold  in  which  we  might  have  worked,  I still  felt 
exhilarated  over  what  we  had  accomplished. 

— Barbara  Epstein 

There  is  life  after  retirement!  It's  good  to  be  able 
to  participate  in  something  ongoing  . . . and  that  in 


beautiful  surroundings,  out  of  doors,  and  in  congenial 
company.  The  physical  challenge  is  there  for  anyone 
aged  72,  and  a lot  more  fun  than  contrived  exer- 
cises.— Ruth  Griffin 

The  staff  is  fun  to  work  with,  rain  or  shine,  hot 
or  cold,  grubbing  on  knees  or  high  in  trees. — Ellen 
Bennett 

. . . helping  to  unravel  and  set  straight  the  confusion 
caused  by  missing  and  misplaced  labels  (I  can  still 
hear  the  shouts  of  triumph  when  one  of  us  would 
discover  a label,  presumed  missing,  under  half  a foot 
of  oak-leaf  mulch!)  and  the  satisfaction  that  I was 
part  of  the  laudable  effort  to  assure  the  taxonomic 
correctness  of  the  Arboretum's  records. — Dick  Brooks 

Volunteers  also  enjoyed  working  with  a 
team  that  provided  opportunities  for  socializ- 
ing while  the  work  was  being  accomplished. 
The  friendships  developed  and  ideas 
exchanged  were  a valuable  bonus.  In  addition, 
the  team  format  provided  a predictable  work 
environment  and  an  interdependency  that 
encouraged  consistent  attendance  and 
involvement.  In  their  words: 

Pleasant  work  with  pleasant  people  made  my  time 
here  each  week  a special  segment  of  my  life;  a time 
to  be  with  nature  and  a time  to  leam. — Priscilla  Ryan 

Working  with  a team  was  great  because  it  provided 
the  opportunity  to  explore  the  deepest,  remotest 
areas  I wouldn't  have  felt  comfortable  exploring 
alone.  The  people  were  great.  We  seemed  to  speak 
a common  language,  loving  nature  and  our  environ- 
ment. I've  made  very  special  friends  who  have  taught 
me  so  much  and  brought  a richer  dimension  to  my 
life  and  to  my  art. — Susan  Hardy  Brown 

Although  many  of  the  volunteers  surveyed 
for  this  article  reported  deriving  great  benefits 
and  pleasures  from  their  work  at  the  Arbore- 
tum, the  interaction  is  clearly  reciprocal.  It 
is  difficult  to  say  who  benefits  more.  In  addi- 
tion to  the  tasks  accomplished,  the  Arbore- 


“In  my  mind’s  eye  it  is  always  January,  the  month  of  my  first  visit  to  the  Arboretum,  when  the  tree  architecture 
and  the  distinctive  colors  and  markings  of  the  bark  are  most  apparent.  I now  know  it  at  every  month  of  the 
year,  each  month  with  its  own  special  beauty”  (Pauline  Perkins).  Although  this  winter  study  shows  them  to 
have  a wide  range  of  branching  patterns,  all  of  these  linden  trees  (Tilia)  would  have  the  same  canopy  profile 
in  the  summer.  Since  a living  collection  is  located  within  a particular  climate,  these  structural  differences  in 
cultivated  specimens  reflect  genetic  differences  inherent  in  the  plants  rather  than  environmental  factors.  Left 
to  right,  top  to  bottom:  Tilia  x flavescens,  T.  paucicostata,  T.  cordata,  T.  neglecta,  T.  japonica,  T.  americana, 
T.  tomentosa,  T.  petiolaris,  T.  platyphyllos.  Photographs  courtesy  of  Racz  and  Debreczy. 
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turn  gains  another  important,  less  obvious 
long-term  benefit.  The  involvement  of  mem- 
bers and  supporters  educates  them  about  the 
role  and  function  of  an  arboretum.  For  Westy 
Lovejoy  the  frequent  and  intimate  contact 
with  the  living  collections,  and  the  process  of 
curation,  gave  her  "a  better  understanding  of 
the  quantity  and  quality  of  the  Arboretum's 
collections,"  as  well  as  an  appreciation  for  the 
scientific  role  of  the  institution  and  its  impor- 
tance to  the  world  at  large.  Volunteers  develop 
a sense  of  ownership  and  pride.  For  Caroline 
Blake  her  work  meant  "learning  more  of  the 
Arboretum,  and  thus  feeling  more  a part  of  it." 
Thus  they  become  more  determined  in  their 
support  and  spread  their  enthusiasm  to 
friends. 

Never-Ending  Curation 

If  the  Arboretum  is  to  flourish,  it  must  con- 
tinue to  encourage  this  kind  of  involvement 
and  commitment  by  the  public  as  well  as  the 
scientific  community.  Part  of  the  Arboretum's 


“Assisting  in  the  phase  of  the  verification  project  deal- 
ing with  the  genus  Rhododendron  has  given  me  the 
opportunity  to  become  more  intimately  familiar  with 
this  extraordinarily  large  and  diverse  genus ” (Dick 
Brooks).  Rhododendron  yakusimanun,  shown  here,  is 
native  to  Japan.  Photograph  courtesy  of  Racz  and 
Debreczy. 


“.  . .The  magic  Metasequoia,  elegant  in  its  winter  con- 
tours” (Mary  Harrison).  The  trunks  of  the  dawn  red- 
wood, Metasequoia  glyptostroboides,  grown  in  this 
country  are  often  dramatically  buttressed  and  sinu- 
ous. Photograph  courtesy  of  Racz  and  Debreczy. 


mission  must  be  to  educate  and  inspire  peo- 
ple to  appreciate  and  make  a commitment  to 
their  environment.  Curation  of  a world-class 
botanical  collection  requires  enormous  long- 
term effort  and  resources.  Although  the  effec- 
tive management  of  a comprehensive  volun- 
teer program  requires  an  investment  of  staff 
time  and  facility  resources,  the  benefits  to  the 
organization  make  it  clearly  worthwhile. 

In  the  words  of  Peter  Ashton,  "Each  year 
new  plants  are  tried  in  the  Arboretum  collec- 
tions, some  never  before  cultivated.  Each  year 
we  must  curate  these  introductions  and 
celebrate  their  first  flowering.  So  the  greatest 
news  of  all  is  that  the  work  will  go  on,  and 
we  will  continue  to  need  you,  our  volunteers!" 


Jeanne  Christianson  is  the  membership,  volunteer,  and 
visitor-services  coordinator  at  the  Arnold  Arboretum.  San- 
dra Elsik  supervises  the  collecting  phase  of  the  verifica- 
tion project. 
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Living-Collections  Volunteers, 

Verification  Project 
Sue  Avery,  Medford 
John  Bailey,  Dover 
* Ellen  Bennett,  Weston 
Caroline  Blake,  Dover 
Dick  Brooks,  Concord 
Tony  Bryan,  Boston 
Susan  Burke,  Brighton 
John  Carey,  Norwood 
Janet  Christrop,  Jamaica  Plain 
Tom  Coulson,  Chestnut  Hill 
Susan  Davis,  Boston 
Carin  Dohlman,  Weston 
Margaret  Donahue, 

Watertown 

Paul  Donnelly,  Squantum 
Jean  Dricker,  Brookline 
‘Susan  Dumaine,  Weston 
Susan  Dwyer,  Norwood 
‘Barbara  Epstein,  Newton 
Centre 

‘Sue  Erwin,  Cambridge 
Don  Falk,  Cambridge 
Esther  Fich,  Winthrop 
Gerhold  Fitz,  Roslindale 
Ruth  Fried,  Roxbury 
Sandra  Friedman,  Wellesley 
Barbara  Frishkopf,  Lexington 
Anne  Gamble,  Brookline 
Barbara  Gard,  Norwell 
Niki  Gilsdorf,  Cambridge 
Genevieve  Good,  Cohasset 
Ruth  Griffin,  Brighton 
Kathy  Groves,  Sherborn 
Helen  Hagopian,  Wellesley 
Susan  Hardy  Brown,  Jamaica 
Plain 

Mary  Harrison,  Cambridge 
Laverna  Haskell,  Cohasset 
Isabel  Horan,  West  Roxbury 
Shirley  Hyland,  Cambridge 
Sandra  Jonas,  Newton 
Anne  Joseph,  Whitman 
Andrea  Knowles,  North 
Billerica 


January,  1984,  to  December, 

Amy  Kosmidis,  Roslindale 
Sophie  Kulilc,  Roslindale 
Mary  Jeanne  Langevin, 

Milton 

Annie  Lomuto,  Wellesley 
Westy  Lovejoy,  Boston 
Betty  MacKenzie,  Dorchester 
Barbara  Mahon,  Jamaica  Plain 
Louise  Makepeace,  Warwick, 
Rhode  Island 
Phyllis  Marx,  Newton 
Melinda  McCall,  Jamaica 
Plain 

Melana  McCann,  Jamaica 
Plain 

Terry  McKiernan,  Cambridge 
Jane  McKinnell,  Boston 
Peg  Megowen,  Carlisle 
Jane  Morss  (deceased), 
Chestnut  Hill 
Melanie  Moses,  Cambridge 
Vincent  O'Gorman,  Chestnut 
Hill 

C.  J.  Patterson,  Norwell 
Pauline  Perkins,  Brockton 
Robert  Perkins,  Jr.,  Cambridge 
Karen  Peterson,  Cambridge 
Margaret  Pfitzer,  Boston 
Betty  Porter,  Concord 
Jean  Rosenberg,  Arlington 
Liz  Ruth,  Brookline 
Priscilla  Ryan,  Somerville 
Liz  Sargent,  Boston 
Anne  Shuhler,  Cambridge 
Hiltrud  Siegel,  Belmont 
Marjorie  Smith,  Cambridge 
Magen  Solomon, 

Northampton 

‘Lester  Stockman,  Roxbury 
Kathy  Terzi,  Jamaica  Plain 
Elaine  Tsomides,  Brookline 
Jan  Wampler,  Jamaica  Plain 
Kathleen  Warren,  Dedham 
‘Richard  Warren,  Dedham 
Ann  Waters,  Jamaica  Plain 


1988 

Mima  Weissmann,  Jamaica 
Plain 

Jan  Whitaker,  Jamaica  Plain 
JoAnn  Whitehead,  Jamaica 
Plain 

Mary  Wolcott,  Manchester 
Karen  Wolkoff,  Somerville 
‘Roberta  Zinman,  Newton 

Plant  Records  Office 
Betty  Jacobson,  Dover 
Amy  Kosmidis,  Roslindale 
Joseph  Merriam,  Brookline 
Jean  Rosenberg,  Arlington 
Donna  Rowland,  Jamaica 
Plain 

‘Bob  Siegel,  Hingham 
‘Nell  Walker,  Lexington 
Jan  Wampler,  Jamaica  Plain 
‘Richard  Warren,  Dedham 

Herbarium,  Specimen 
Preparation 

Mary  Ashton,  Carlisle 
Caroline  Blake,  Dover 
Kathleen  Daly,  Jamaica  Plain 
Marie  Dempsey,  Lexington 
Elaine  Foster,  Chestnut  Hill 
Sandra  Friedman,  Wellesley 
‘Lillian  Hagopian,  Wellesley 
Susan  Hardy  Brown,  Jamaica 
Plain 

Mary  Harrison,  Cambridge 
Sophie  Kulilc,  Roslindale 
Barbara  O'Connor, 
Auburndale 

Ciba  Vaughan,  Cambridge 
Kathleen  Warren,  Dedham 
Mima  Weissmann,  Jamaica 
Plain 

Karen  Wolkoff,  Somerville 
"Five-year  commitment. 


Ib  Each  a Name:  Verifying  the  Living  Collections 


David  C.  Michener 


Identifying  the  plants  in  the  living  collections  is  a challenging  task  requiring 
assistance  from  around  the  world 


Charles  Sargent,  founding  director  of  the 
Arnold  Arboretum,  was  determined  that  the 
newly  established  arboretum  would  have 
unrivaled  living  collections  of  woody  plants 
native  to  all  parts  of  the  Temperate  Zone.  Also 
to  be  unrivaled  was  the  documentation  of 
each  acquisition.  This  driving  passion  to 
amass  the  most  and  the  best,  so  familiar  to 
art  collectors  and  often  seen  in  founders  of 
great  institutional  collections,  was  demon- 
strated early  on  in  what  can  be  called  the 
"quest  for  wild  ash  trees." 

The  Quest 

Our  case  begins  on  March  12,  1878,  when 
seeds  of  an  ash  ( Fraxinus ) were  received  from 
the  Imperial  Botanic  Garden,  St.  Petersburg 
(now  Leningrad),  Russia.  The  seed  lot  was 
accessioned  as  number  1061,  and  if  more  than 
one  seedling  survived  the  early  years  we  have 
no  note  of  it.  Although  the  resulting  tree  was 
listed  in  1924  as  missing,  it  remains  on  Bus- 
sey Hill,  where  it  has  matured  into  a magnifi- 
cent specimen.  Most  botanical  institutions 
would  be  pleased  to  have  records  as  detailed 
as  this  (let  alone  the  plant!),  but  our  work  on 
the  verification  project  has  shown  that  the 
records  of  the  Arboretum  are  often  a good  deal 
more  informative.  Sargent's  passion  was  not 
so  easily  placated. 

This  ash  tree  represented  no  ordinary  acqui- 
sition. On  delving  into  our  archives  and 
library,  we  were  led  to  our  very  rare  set  of  the 
seed  lists  published  by  the  Imperial  Botanic 
Garden.  The  anonymous  compilers  of  the 
seed  list  meticulously  divided  the  listings  (all 


in  botanical  Latin)  into  sections:  those  col- 
lected from  within  the  garden  first,  and  those 
from  various  czarist  expeditions  separately  by 
expedition  or  region  at  the  end.  Our  ash  was 
recorded  with  the  note  of  "Regel,"  an  obscure 
reference  until  one  examines  the  seed  lists 
from  the  1870's  and  observes  the  recurrent 
section  entitled  Semina  in  regionibus  Tui- 
kestanicis  ab  A.  Regel  collecta.  Our  plant  is 
thus  evidently  linked  to,  and  representative  of, 


The  seed  that  grew  into  this  specimen  of  Fraxinus  an- 
gustifolia  subsp.  oxycarpa,  our  accession  number 
1061,  was  collected  on  a czarist  expedition  to  Thr- 
kestan  during  the  last  century.  Wild-collected  materi- 
als are  a special  focus  of  the  Arnold  Arboretum. 
Photograph  courtesy  of  Racz  and  Debreczy. 
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a wild  population  in  Turkestan!  Sargent  had 
wanted  authentic  material  of  unquestioned 
identity;  the  seeds  that  could  be  obtained 
from  trees  already  growing  in  the  Imperial 
Botanic  Garden  (they  are  listed,  too)  were 
inadequate  for  his  exacting  vision  of  the 
Arnold  Arboretum's  collections.  Only  wild- 
collected  seed  would  do. 

One  final  confirming  note  appeared  that 
depends  upon  details  recorded  in  our  original 
entry.  Modern-day  botanists  consider  the 
plant  to  be  Fraxinus  angustifolia  Vahl  subspe- 
cies oxycarpa  (Bieb.  ex  Willd.)  Afonso,  but  in 
Sargent's  time  other  names  were  in  use.  This 
seed  was  received  under  the  then-current 
name  of  Fraxinus  potamophila  Herder — 
exactly  the  name  used  in  the  list  of  seeds  col- 
lected by  Regel  and  distributed  by  the  Imperial 
Garden. 

Why  Verify? 

The  purpose  of  verifying  a research  arbore- 
tum's living  collection  is  to  ascertain  that  the 
plants  are  what  they  are  claimed  to  be.  For  the 
Arnold  Arboretum  the  underlying  questions 
concern  each  accession's  source  documenta- 
tion (where  and  how  we  obtained  it),  its  iden- 
tity and  name  (what  it  is),  and  our  confidence 
in  the  accuracy  of  the  first  two  responses. 
Answering  these  questions  takes  one  through 
a procedure  involving  the  plants  on  the 
grounds,-  the  records,  inventory  maps,  and 
archives,-  references  in  the  library;  and  a major 
herbarium.  For  some  taxonomically  difficult 
genera  we  have  also  enlisted  the  assistance  of 
outside  specialists.  One  important  aspect  of 
verification  is  easily  overlooked:  years  hence, 
the  collection  will  be  verified  again,  and  the 
current  staff  must  leave  a documented  trail  of 
how  and  why  they  did  their  review  and  made 
their  decisions,  or  else  much  of  their  work 
will  be  uninterpretable  to  the  next  generation 
of  curators,  researchers,  and  serious  visitors. 
The  value  of  this  "audit  trail"  has  been  learned 
through  the  omissions  of  others.  If  only  the 
past  could  speak! 

Answering  the  three  questions  posed  above 
is  the  primary  challenge  of  the  verification 
project.  In  addition  to  distinguishing  all  the 


accessions  that  meet  our  standards  of  scien- 
tific significance  (horticultural  and  historical 
significance  are  also  important  and  will  con- 
tinue to  be  evaluated  separately,  although 
sometimes  all  types  of  significance  are 
intertwined — see  box),  we  are  ensuring  that 
the  botanical  names  used  in  the  collection  are 
in  keeping  with  current  technical  reference 
works.  We  are  also  attempting  to  make  our 
approach  to  the  collections  consistent,  regard- 
less of  staff  interests,  so  that  they  can  be  crit- 
ically evaluated  for  further  renewal  and 
development.  Although  not  initially  defined 
as  a project  goal,  the  development  of  BG-BASE 
became  an  operational  necessity  to  tie 
together  our  curatorial  information  scattered 
among  the  records  office,  archives,  library,  and 
herbarium.  This  verification  review  will  be 
used  to  focus  the  collection  and  acquisition 
of  new  plants,  and  to  identify  and  aid  in 
scheduling  removal  of  existing  plants  that  fail 
our  criteria  of  scientific,  horticultural,  or 
historical  value.  As  such,  this  project  is  a 
modern  expression  of  the  Arboretum's  ongo- 
ing and  episodic  processes  of  renewal,  more 
information  on  which  can  be  found  in 
Stephen  Spongberg's  article  on  the  history  of 
the  living  collections. 

The  Verification  Process 

Verification  of  our  collections  is  a conceptu- 
ally simple,  four-step  process  of  voucher  col- 
lection, documentation  review,  taxonomic 
verification,  and  record  updating.  This  may 
already  sound  dreadfully  dry,  but  it  is  far  from 
it.  One  has  to  replace  a dull  expectation  of 
glorified  inventory  control  with  a probing 
mindset  that  is  always  querying  whether  each 
accession  is  fully  documented  and,  if  neces- 
sary, determining  how  more  information  can 
be  resurrected.  Then  comes  the  excitement  of 
the  taxonomic  chase  and  the  constant  learn- 
ing caused  by  working  with  the  plants  them- 
selves. 

The  first  step  in  verification  is  to  acquire 
high-quality  reference  specimens.  These 
specimens  are  the  focus  of  the  subsequent 
verification  activity.  The  curatorial  issues 
involved  in  vouchering  and  specimen  prepa- 
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History,  Horticulture,  and  Science 


Just  as  museum  holdings  are  reviewed  and 
verified  so  that  the  acquisitions  can  be 
recertified  and  directions  for  further 
development  identified,  so  too  are  major 
living  collections  reevaluated.  The  focus  of 
an  art  review  may  be  on  the  piece's  authen- 
ticity (who  created  it)  and  cultural  milieu 
(its  relation  to  other  works  of  the  same 
period).  In  a living  collection  of  interna- 
tional significance,  be  it  an  arboretum  or 
a zoo,  the  focus  is  on  the  identity, 
provenance  (wild  collected  or  original  hor- 
ticultural introduction),  and  documenta- 
tion of  the  organisms. 

A collection  based  on  wild-collected 
plants  and  seeds  has  been  a fundamental 
strength  of  the  Arnold  Arboretum.  Our 
wild-collected  accessions  form  the  core 
scientific  collection,  since  new  informa- 
tion about  these  plants  can  be  extrapolated 
back  to  the  natural  population.  This  is  an 
important  intellectual  link  for  some  forms 
of  research  in  ecology,  population  biology, 
and  systematics — a link  that  is  tenuous  or 
nonexistent  with  material  of  garden  or 
undocumented  origin  because  such  plants 
may  represent  hybrids,  back-crosses,  or  sub- 
tle genetic  recombinants  that  are  unlikely 
ever  to  have  been  found  in  nature. 

The  verification  project  has  clarified  the 
wild-collected  status  of  numerous  acces- 
sions. Ascertaining  the  wild  source  of  our 
plants  can  involve  sleuthing  in  obscure  and 
beautiful  publications.  One  example 
involves  our  dove  tree,  Davidia  involuciata 
var.  vilmoriniana,  accession  number  5159. 
Its  identity  has  never  been  questioned,  but 
its  records — "layer,  Vilmorin,  1904" — were 
enticingly  incomplete.  A quick  review  of 
the  French  publication  Revue  Horticole 
turned  up  a series  of  notes  and  articles  on 
Davidia  and  its  introduction  by  the  Vilmo- 
rin Nursery.  Modest  amounts  of  seed  had 
been  obtained  from  two  wild  sources  in 
1897  and  1898,  but  only  one  seed,  from  the 
lot  collected  in  "Se  Tchuen"  [Szechuan, 
China,  according  to  additional  collection 
data  now  in  our  records],  ever  germinated. 


Also  noted  is  the  early  propagation  history 
of  the  solitary  plant.  "Four  cuttings  and  a 
layer  were  made.  Two  cuttings  rotted  in  the 
pots.  Of  the  other  two,  one  was  sent  to  the 
Museum  [implicitly  Paris],  the  other  to 
Kew.  The  layer  will  be  sent  to  Mr.  Sargent" 
(R.  Andre,  Davidia  involucrata,  Revue  Hor- 
ticole, 1902,  p.  378;  translation  by  the 
author).  Evidently  our  passionate  collector 
of  wild  trees  and  shrubs,  "Mr.  Sargent,"  was 
well  enough  known  that  no  further  iden- 
tification was  needed  even  in  the  French 
horticultural  literature. 

As  a modern  aside,  we  have  a second 
accession  of  Davidia  involucrata  var.  vil- 
moriniana  that  was  received  in  1911  from 
the  English  nursery  of  J.  Veitch.  This  was 
the  firm  for  which  the  Arnold  Arboretum's 
great  plant  collector  Ernest  "Chinese"  Wil- 
son had  once  worked.  Does  this  accession 
represent  a different  population  of  Chinese 
Davidia  collected  on  a Veitch  expedition 
(possibly  by  Wilson),  or  is  it  a cutting  from, 
perhaps,  the  plant  Vilmorin  had  sent  to 
Kew  only  a few  years  earlier?  If  the  latter, 
then  our  two  accessions  are  really  just 
clones  of  one  plant,  and  our  Davidia  col- 
lection is  not  genetically  diverse  and  is  very 
restricted  for  certain  types  of  comparative 
intellectual  inquiry.  Questions  of  genetic 
identity  are  becoming  important  in  modem 
curation  and  plant  conservation,  but  few 
botanical  institutions  have  yet  addressed 
the  genetic  diversity  (as  opposed  to  the  tax- 
onomic diversity)  found  in  their  collec- 
tions. In  cooperation  with  a team  at  Iowa 
State  University,  we  have  a pilot  study 
underway  to  resolve  our  Davidia  questions 
through  the  use  of  protein  electrophoresis. 
Under  controlled  laboratory  conditions  this 
methodology  detects  combined  electrical 
and  mobility  differences  in  specific  pro- 
teins synthesized  by  the  plants,-  such  differ- 
ences can  be  interpreted  to  indicate  genetic 
differences  and  similarities.  This  is  the 
Arnold  Arboretum's  opening  foray  into 
molecular  methods  of  curation. 
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ration  are  discussed  by  Sandra  Elsik  elsewhere 
in  this  issue.  The  linkage  of  the  plants  on  the 
grounds  to  the  documentation  kept  in  the 
plant  records  office  is  checked  during  the  col- 
lection of  these  voucher  specimens.  Careful 
vouchering  is  absolutely  critical  to  the  suc- 
cess of  the  entire  project,  for  if  the  specimens 
are  gathered  from  the  wrong  plant,  the  acces- 
sion numbers,  records,  and  subsequent  deter- 
minations will  become  almost  hopelessly 
confused.  If  the  voucher-records  link  is  lost, 
then  any  subsequent  taxonomic  verification 
becomes  useless.  It  should  now  be  clear  why 
the  Arnold  Arboretum  invests  such  staff  and 
financial  resources  in  the  records  office  and 
the  mapping  function,  as  well  as  in  the 
development  of  BG-BASE  (see  the  article  by 
Kerry  Walter):  the  quality  of  our  records  and 
their  unambiguous  linkage  to  the  plants  on 
the  grounds  define  us. 

Source  Documentation 

Documentation  verification  has  one  purpose: 
to  find  out  all  there  is  to  know  about  the  ulti- 
mate source  of  the  plant  in  question.  The  ulti- 
mate source  is  where  the  plant  was  collected 
in  the  wild  or,  if  a cultivar,  the  place  or  nurs- 
ery where  it  was  first  found,  described,  or 
introduced.  Once  this  ultimate  source  is 
known,  many  taxonomic  and  curatorial  ques- 
tions can  be  precisely  refocused.  The  immedi- 
ate source,  by  contrast,  is  the  person  or 
institution  from  which  the  Arnold  Arboretum 
obtained  the  plant  material.  In  the  ash-tree 
example  the  immediate  source  was  the 
Imperial  Botanic  Garden  in  St.  Petersburg, 
while  the  ultimate  source  was  in  Turkestan. 
The  records-office  staff  has  a strong  tradition 
of  keeping  increasingly  detailed  records  of  the 
ultimate,  rather  than  just  the  immediate, 
sources  of  our  plants.  Many  earlier  accessions 
have  only  tantalizing  notes  from  the  immedi- 
ate source — notes  that  indicate  or  imply  that 
more  was  once  known  and  may  again  be 
knowable  about  the  accessions.  Focused 
sleuthing  in  contemporary  journals,  seed  lists, 
monographs,  reference  tomes,  and  archival 
materials  yields  occasional  but  invaluable 
results.  It  is  satisfying  to  ferret  out  a signifi- 
cant ultimate  source  and  thereby  add  one 


Our  Davidia  trees  are  in  peak  bloom  in  late  May. 
Although  our  original  accessions  were  obtained  from 
two  different  sources,  they  are  morphologically  in- 
distinguishable. Photograph  from  the  Archives  of  the 
Arnold  Arboretum. 


more  plant  to  our  list  of  wild-collected  or  hor- 
ticulturally  significant  plants. 

Identities  and  Names 

Taxonomic  verification  focuses  on  determin- 
ing the  proper  identity  and  correct  name  for 
each  accession  and,  as  appropriate,  any  former 
names  of  the  plant.  These  former  names, 
called  synonyms,  are  the  result  of  a variety  of 
historical  and  philosophical  factors.  Resolving 
the  proper  name  from  synonyms  is  an  impor- 
tant part  of  taxonomic  verification,  since 
different  accessions  of  the  same  kind  of  plant 
can  be  listed  under  several  names.  This  falsely 
inflates  the  nomenclatural  diversity  of  the  col- 
lection and  leads  the  curators  astray. 

The  basic  operating  procedure  in  taxonomic 
verification  is  the  comparison  of  our  voucher 
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specimens  from  the  living  collections  to 
known  reference  specimens  or  descriptions. 
This  process  sounds  easy  enough,  but  in  prac- 
tice it  is  the  most  difficult  and  time- 
consuming  aspect  of  verification.  Since 
familiarity  with  obscure  technical  details  of 
plant  structure  and  morphology  is  essential 
in  many  of  the  taxonomically  difficult  genera, 
we  asked  many  out-of-house  authorities  if 
they  would  accept  a set  of  specimens  from  our 
collection  in  return  for  their  identifications. 
Botanists  from  around  the  world  have  assisted 
in  this  challenging  task;  without  their  help 
this  project  would  have  been  greatly  com- 
promised. Arboretum  botanists  have  identi- 
fied the  specimens  of  the  remaining  genera. 

Taxonomic  verification  is  an  exciting 
challenge  that  keeps  the  heart  young  and  the 
ego  in  place.  In  the  current  project  it  is  per- 
formed genus  by  genus.  Once  the  majority  of 
our  voucher  specimens  of  a particular  genus 
have  been  delivered  to  the  herbarium  and 
mounted,  they  are  sorted  into  accession- 
number  sequence  without  regard  to  their  cur- 
rent name.  At  this  point  any  preexisting 
vouchers  for  the  same  accession  number 
(some  dating  to  the  late  1800's)  are  pulled  from 
the  herbarium  and  inserted  into  the  same 
numerically  ordered  stacks.  The  purpose  of 
this  step  is  to  gather  together  all  the  herbar- 
ium vouchers  (flowers,  fruits,  leaves,  and 
winter  twigs)  that  have  ever  been  made  for  an 
accession  regardless  of  the  particular  name 
under  which  each  sheet  may  have  been  filed. 
This  way,  once  the  material  is  reidentified,  all 
the  sheets  will  have  the  same  name  and  will 
be  refiled  together  in  the  herbarium.  We  are 
then  able  to  enter  all  the  vouchers  into  the 
data  base.  This  "sort -by-numbers"  step  recti- 
fies the  drift  in  names  that  we  have 
experienced  over  time,  when  within  a single 
accession  some  sheets  exhibiting  the  taxo- 
nomically critical  features  have  had  their 
names  changed  while  other  sheets  that  lack 
these  seasonally  displayed  features  remained 
under  an  old  name  (a  synonym). 

Genetic  Lineages 

Once  the  stack  is  in  numerical  sequence,  we 
work  from  the  newest  specimen  back  to  the 


oldest.  This  allows  us  to  pick  up  the  all- 
critical  genetic  lineage,  which  is  continued 
whenever  the  greenhouse  staff  asexually 
propagates  a plant  (as  by  cuttings  rather  than 
from  seed).  The  mother  and  daughter  plants 
are  links  in  a genetic  lineage.  For  some  of  our 
accessions,  there  are  many  sequential  links  to 
the  lineage.  By  working  with  the  newest 
accessions,  we  can  find  all  the  vouchers  of  the 
older  ones  that  make  up  the  genetic  lineage 
and  compare  them  to  each  other.  Since  all 
must  be  the  same  genotype,  all  must  be  mor- 
phologically similar  (allowing,  for  example, 
for  juvenility  and  differences  between  dry  and 
wet  years).  If  the  mother  and  daughter  plants 
are  too  different  at  this  stage,  we  presume  that 
some  sort  of  a mix-up  has  occurred.  The 
daughter  plants  that  do  not  match  the  mother 
plant  cease  to  be  of  scientific  interest  since 
they  are  effectively  undocumented  specimens. 
This  sort  of  error  is  fortunately  uncommon, 
but  it  must  always  be  guarded  against. 

Now  comes  the  taxonomic  fun.  Taxonomic 
determination  has  two  parts:  determining 
what  a plant  is,  and  then  which  name  is 
proper.  Notice  that  identity  and  name  are  dis- 
tinct. Although  any  object  has  only  one  iden- 
tity, it  may  pass  under  several  names;  under 
the  rules  of  botanical  nomenclature,  only  one 
name  is  correct  (with  few  exceptions),  and  the 
other  ones  that  have  been  used  are  synonyms. 
Deciding  which  name  is  the  correct  name  and 
which  ones  are  synonyms  often  requires  a 
good  deal  of  library  and  herbarium  work. 

Determining  the  correct  identity  of  the 
plant  now  represented  by  a suite  of  herbarium 
specimens  (all  with  the  same  accession  num- 
ber but  often  collected  over  a period  of  years, 
and  some  sheets  bearing  old  names)  requires 
access  to  a major  reference  library  and  herbar- 
ium. The  Arnold  Arboretum  is  fortunate  in 
being  part  of  the  Harvard  University  Herbaria 
and  the  Botanical  Libraries  of  Harvard  Univer- 
sity: superb  resources  are  near  at  hand.  Next 
one  needs  to  know  the  ultimate  source  of  the 
plant,  since  geographic  origin  is  one  of  the 
most  critical  keys  to  all  the  technical 
references. 

In  our  work  we  accept  for  the  moment  that 
the  plant  name  in  the  records  office  is  correct. 
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We  look  at  the  immediate  and  ultimate 
sources  to  determine  if  the  accession 
represents  a wild  population,  and  if  it  does  we 
move  directly  to  the  floras  of  that  part  of  the 
world.  (A  flora  is  a technical  manual  to  all  the 
plants  growing  within  a defined  geographic 
unit.)  If  there  is  no  modern  flora  for  the  area, 
we  use  whatever  monographs  can  be  found  in 
the  library.  (A  monograph  is  a major  work  by 
one  or  a few  authors  that  treats  an  entire 
genus  or  family  on  a regional,  continental,  or 
worldwide  basis.)  We  check  for  monographs 
even  if  there  is  a modem  flora  in  order  to  track 
down  more  synonyms  and  to  find  alternate 
treatments  of  the  genus,  since  taxonomic  con- 
cepts change  over  time  and  differ  between 
philosophical  schools.  These  books  are 
entered  into  BG-BASE  and  cross-referenced  to 
the  genus  and  family  names  so  that  future 
curators  will  know  which  sources  were  con- 
sulted in  making  judgment  calls.  Finally,  we 
check  our  understanding  of  the  species  by 
reference  to  wild-collected  herbarium  speci- 
mens and  then  make  our  taxonomic  determi- 
nations. Why  not  proceed  directly  to  the 
herbarium  and  skip  the  library  work?  With 
that  course  one  runs  the  risk  of  mistaking  one 
of  several  closely  related  species  for  the  plant 
at  hand — we  need  to  know  not  only  what  the 
plant  is,  but  also  what  is  related  or  superfi- 
cially similar  and  how  to  differentiate  them. 
On  rare  occasions  we  discover  that  we  need 
to  see  the  accession  under  review  in  life,  so 
we  go  out  to  look  at  the  living  plant,  or  post- 
pone the  determination  until  the  season  when 
the  plant  will  be  displaying  the  necessary 
characteristics. 

Once  we  are  satisfied  with  our  determina- 
tion (which  by  now  may  not  be  the  determi- 
nation given  on  the  label),  we  have  to  find  the 
proper  name.  Botanical  nomenclature  works 
on  a system  of  historical  priority,  but  this  can 
become  quite  arcane.  As  an  operating  proce- 
dure, we  usually  defer  to  the  most  recent 


monograph  or  flora  and  use  the  nomenclature 
presented  there.  When  the  two  (flora  and 
monograph)  are  in  conflict  and  essentially  of 
the  same  date,  we  usually  follow  the  mono- 
graph, since  it  was  written  by  a specialist  who 
should  have  resolved  many  of  the  nomen- 
clatural  problems. 

Records 

Records  updating  consists  of  putting  the 
correct  name  on  each  voucher  specimen  (with 
an  annotation  label)  and  relaying  the  same 
information  to  the  records  office.  As  an  inter- 
nal check,  a month  is  allowed  to  pass  between 
the  time  when  we  make  our  report  to  the 
records  office  and  the  time  when  the  report 
takes  effect.  During  this  month  any  staff 
member  may  query  the  determinations  and 
comment  upon  them.  From  time  to  time,  this 
system  not  only  promotes  an  exchange  of 
views,  opinions,  and  observations  about  our 
plants  but  also  allows  real  and  perceived  errors 
in  the  work  to  surface  so  that  the  final  report 
is  as  accurate  as  possible.  The  final  part  of 
records  updating  is  adding  all  the  voucher 
specimens  examined  to  BG-BASE  so  that  it 
will  be  clear  which  specimens  were  seen  in 
the  course  of  the  review.  This  completes  the 
audit  trail  for  those  who  will  depend  upon  and 
review  our  work  in  the  years  ahead. 

What  is  the  result  of  all  this  work?  Simply 
put,  it  is  a well-curated  reference  collection 
in  which  one  has  confidence  that  the  material 
is  accurately  identified  and  as  fully 
documented  as  possible — a collection  most 
capable  of  supporting  the  widest  range  of 
scientific,  horticultural,  educational,  and  aes- 
thetic pursuits  at  all  levels  of  intellectual 
rigor. 


David  C.  Michener  is  the  program  taxonomist  for  the 
verification  project. 


Designing  a Computer-Software  Application  to  Meet 
the  Plant-Record  Needs  of  the  Arnold  Arboretum 

Kerry  S.  Walter 


The  Arboretum's  specially  designed  databases  allow  unprecedented  ease  in 
retrieving,  updating,  and  sharing  records 


For  hundreds  of  years,  botanical  gardens  and 
arboreta  around  the  world  have  kept  records 
on  the  plants  in  their  collections;  in  fact,  such 
records  are  often  considered  to  be  a primary 
difference  between  a botanical  garden  and  a 
display,  or  public,  garden.  These  records 
usually  track  the  name  of  the  plant;  its 
provenance  (wild  collected  or  from  cultivated 
material);  the  source,  kind,  and  number  of 
plants  received;  the  location  on  the  grounds, 
in  the  nursery,  or  in  the  greenhouse,-  and, 
often,  related  curatorial  and  maintenance 
information  on  plant  health,  size,  flowering, 
and  fruiting.  Without  a plant-record  system, 
a botanical  garden  cannot  manage  its  collec- 
tion and  in  fact  does  not  have  a truly  scien- 
tific collection. 

However,  there  are  almost  as  many  differ- 
ent record  systems  as  there  are  gardens  using 
them;  a recent  survey  by  the  American 
Association  of  Botanical  Gardens  and 
Arboreta  (Bowden  & Brown,  1988)  showed  a 
tremendous  variation  in  plant-record  systems, 
most  unable  to  communicate  electronically 
with  one  another.  This  article  describes  the 
development  of  international  standards  for 
transfer  of  plant  records,  and  a software  appli- 
cation built  around  those  standards. 

Manual  Record  Systems 

Until  the  advent  of  electronic  computers 
several  decades  ago,  all  records  were  kept 
manually,  usually  in  accession  books  and/or 
card  files;  an  additional  method  of  organizing 
information  is  to  maintain  a collection  of 


maps,  so  that  plants  can  be  found  by  where 
they  occur  on  the  grounds.  There  is  no  stan- 
dard format  for  accession  cards — some  insti- 
tutions use  preprinted  forms,  while  others 
write  or  type  on  blank  cards.  The  trend  today 
is  to  use  preprinted  cards,  so  that  similar  infor- 
mation will  show  up  in  more  or  less  the  same 
place  on  each  card,  making  data  retrieval 
faster  and  less  prone  to  error.  Such  forms, 
however,  are  seldom  flexible  enough  to  track 
all  desired  information  for  all  plants,  espe- 
cially those  that  have  remained  in  the  collec- 
tion over  a period  of  several  decades  or  more; 
this  often  necessitates  the  use  of  follow-up 
cards  clipped  or  stapled  to  the  printed  card. 
There  is  even  less  standardization  in  how 
accession  books  and  maps  are  kept  by  differ- 
ent institutions. 

Many  gardens  and  arboreta,  including  the 
Arnold  Arboretum,  keep  both  accession  books 
and  a card  file.  Accession  books  are  normally 
arranged  in  order  of  accession  number,  while 
cards  are  usually  interfiled  by  the  name  of  the 
plant.  This  allows  the  user  to  find  informa- 
tion about  a plant  in  either  of  two  ways — by 
knowing  its  accession  number  or  by  knowing 
its  name — and  is  better  than  keeping  records 
in  only  one  place  and  in  only  one  order. 
However,  there  are  still  several  problems 
associated  even  with  this  dual  system.  First, 
all  data  must  be  typed  (or  written)  twice,  once 
in  the  accession  book  and  once  on  the  card. 
Second,  if  information  is  subsequently 
changed  in  one  place  (for  instance,  if  the  name 
of  an  accession  is  changed),  it  must  be  altered 
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(and  re-filed)  in  the  other  place,  too.  Third, 
there  is  often  only  one  copy  of  each  set  of 
information,  thus  restricting  access  (at  the 
Arnold  Arboretum,  the  current  year's  acces- 
sion book  is  kept  at  the  Dana  greenhouse 
complex,  about  two-fifths  of  a mile  from  the 
Hunnewell  Visitors'  Center  and  plant  records 
office,  where  the  card  file  is  maintained  and 
the  old  accession  books  are  located).  Fourth, 
there  are  numerous  requests  that  cannot  be 
readily  answered  with  the  information  physi- 
cally sorted  and  stored  in  only  one  or  two 
orders;  for  instance,  if  a visitor  only  knows  a 
common  name  or  is  interested  in  finding 
plants  collected  in  a particular  country  or 
received  from  a specific  nursery  or  botanical 
garden,  the  information  is  nearly 
unretrievable. 

This  last  problem  is  really  the  most  serious 
one:  a card-based  record  system  requires  that 
the  records  (cards)  be  physically  re-sorted  for 
each  category  desired.  Some  botanical  gardens 
have  partially  solved  this  problem  by  making 
one  or  more  photocopies  of  each  accession 
card  and  then  filing  the  copies  by  common 
name,  by  country  of  origin,  and  so  on; 
however,  this  solution  exacerbates  the 
problem  of  updating  the  records,  since  there 
are  multiple  copies  of  the  same  information, 
all  of  which  must  be  changed. 

An  additional  problem,  common  to  all 
record  systems  but  especially  serious  for 
manually  kept  ones,  is  that  of  security — in  a 
fire  or  other  catastrophe,  the  entire  "institu- 
tional memory"  could  be  destroyed. 

What  is  ideally  needed  is  a single  central- 
ized source  of  information  with  the  records 
concurrently  sorted  in  various  ways  and 
copies  simultaneously  available  at  many  sites. 
Such  a system  ensures  that  consistent  data 
will  be  presented  in  a variety  of  formats  to 
simultaneous  users  and  that  the  information 
is  not  prone  to  catastrophic  loss.  This  is 
exactly  what  a well-designed  computer  data- 
base can  do. 

Early  Computer-Based  Record  Systems 

Botanical  gardens  took  the  first  steps  toward 
computerizing  their  plant  records  over  20 
years  ago.  In  this  country,  the  University  of 


Tennessee  Arboretum,  the  Tyler  Arboretum, 
and  Longwood  Gardens  all  moved  their 
records  to  computers  in  the  late  1960's,-  the 
Royal  Botanic  Gardens,  Kew,  computerized  its 
plant  records  in  1969  (Anonymous,  1984). 
Beginning  in  the  early  1970's,  many  other 
gardens,  including  the  Arnold  Arboretum, 
filled  out  special  accession  cards  and  sent 
them  to  a centralized  record  center  (now 
known  as  the  Plant  Sciences  Data  Center) 
managed  by  the  American  Horticultural  Soci- 
ety (MacDonald,  Olson,  A MacDonald,  1967; 
MacDonald  & Reed,  1967).  In  the  early  days 
of  mainframe  computing,  data  entry  was  done 
laboriously  through  punched  cards,  key- 
punches, or  paper  tape;  not  surprisingly,  the 
computerized  versions  of  these  plant  records 
tended  to  be  simple  designs  storing  relatively 
little  information.  In  spite  of  its  limitations, 
computerization  of  plant  records  allowed  the 
user  to  obtain  answers  to  novel  and  often 
unanticipated  questions,  and  interest  in  using 
computers  to  manage  plant  records  increased. 
The  recent  advent  of  powerful  and  relatively 
inexpensive  microcomputers  has  made  it  pos- 
sible for  virtually  all  botanical  gardens  to 
maintain  their  plant  records  on  desktop 
machines. 

Computerization  per  se  does  nothing  to  cor- 
rect incomplete  or  inconsistent  information 
in  a manual  system;  at  most,  it  highlights  the 
problem  areas.  The  first  generation  of  com- 
puterized plant-record  systems  often 
mimicked  the  format  of  the  card  or  accession 
book  from  which  the  data  were  taken.  Such 
an  approach,  while  easing  the  user's  transition 
from  card  or  book  to  computer,  resulted  in  the 
typing,  storage,  and  manipulation  of  much 
redundant  information.  For  instance,  if  a 
garden  had  ten  accessions  of  yellowwood, 
Cladrastis  lutea  (Michx.)  K.  Koch,  the  words 
"Cladrastis  lutea  (Michx.)  K.  Koch,"  along 
with  the  family  name  "Leguminosae"  and  the 
common  name  "yellowwood,"  would  have  to 
be  typed  on  every  card  and  into  every  record 
in  the  computer;  the  nearly  inevitable 
typographical  errors  and  inconsistencies  in 
punctuation,  abbreviation,  and  capitalization 
would  result  in  inconsistent  data  being  stored. 
Computers  are  much  less  forgiving  than 
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ACCESS. 

NUMBER 

GENUS 

SPECIES 

FAMILY 

PLANT  SOURCE 

SOURCE 

NUMBER 

32-187. 

Acer 

palmatum 

Aceraceae . . 

Hillier  Nursery 

123 

41-3000 

Robinia 

pseudo-acacia . 

Lequmi nosae 

no  source 

48-1058 

Acer 

palmatum 

Aceraceae . . 

Hi  1 1 i er 1 s 

49-332. 

S.yrinqa 

vul qar i s 

01 eaceae . . . 

The  Holden  Arboretum. 

50-623. 

Maqnol i a 

p.yrami data. . . . 

Maqnol i acea 

Royal  Bot  Garden,  Kew 

52-76.  . 

x Crataeqomesp 

qrandi f 1 ora . . . 

Rosaceae . . . 

Arnold  Arb 

492-60. 

67-1.  . . 

Acer 

rubrum 

Aceraceae . . 

Arnold  Arboretum  of  H 

234-32. 

85-57.  . 

Paul owni a 

tomentosa 

Scrophul ar i 

Kew 

85-58.  . 

Spiraea 

chamaedryf ol i a 

Rosaceae . . . 

Royal  BG,  Kew 

181-79- 

87-526. 

Robinia 

pseudoacacia . . 

Fabaceae . . . 

Holden  Arboretum 

no  #. . . 

Example  of  a portion  of  a simple  flat-file  database  design  employing  a fixed-length  structure.  Ten  records  and 
six  fields  (accession  number,  genus,  species,  family,  source,  source  number)  of  a fabricated  database  are  shown. 
Four  problems  are  particularly  evident:  data  redundancy  (the  family  name  must  be  entered  for  every  record, 
yet  it  is  determined  by  the  name  of  the  genus  and  therefore  could  be  calculated  for,  not  stored  in,  each  record), 
data  truncation  and  wasted  space  (a  long  generic  name,  x Crataegomespilus,  had  to  be  truncated  because  its 
field  had  not  been  defined  long  enough,  while  other  records  with  the  genus  value  Acer  contain  a great  deal 
of  wasted  space — shown  here  as  dots;  the  family  fields  for  Scrophulariaceae  and  Magnoliaceae  and  the  source 
number  for  accession  85-58  were  also  truncated),  and  data  inconsistency  (the  various  ways  of  citing  “Hillier 
Nursery”  and  " Hillier’s ,”  and  of  citing  and  abbreviating  the  Arnold  Arboretum,  Kew,  and  the  Holden  Arboretum — 
as  far  as  the  computer  is  concerned,  there  are  ten  distinct  plant  sources  here,  not  just  four;  the  difference  in 
spelling  between  ‘‘pseudoacacia”  and  ‘‘pseudo-acacia”;  and  the  assignment  of  Robinia  in  different  records  to 
two  apparently  distinct  families,  Fabaceae  and  Leguminosae,  which  in  fact  represent  different  names  for  the 
same  family). 


humans  when  it  comes  to  inexact  informa- 
tion, so  that  a computer  asked  to  find  all 
"Cladrastis  lutea  (Michx.)  K.  Koch"  would  not 
find  "Cladrastis  lutea  K.  Koch"  nor  would  it 
locate  "CLADRASTIS  LUTEA  (MICHX.)  K. 
KOCH."  As  noted  above,  if  the  name  Cladras- 
tis lutea  had  to  be  changed  (as  it  has  been,  to 
Cladrastis  kentukea  (Dum.-Cours.)  Rudd), 
every  occurrence  of  that  name  would  have  to 
be  updated  in  all  the  computer  records,  just 
as  in  a manual  system;  therefore,  the  early 
computerized  records  did  little,  if  anything, 
to  solve  the  problems  of  data  redundancy  and 
consistency. 

Relational  Database  Design 

As  is  true  of  nearly  all  disciplines,  computer 
science  has  a large  and  specialized  vocabulary,- 
however,  only  a few  technical  terms  are  cru- 
cial to  this  discussion.  A file  or  table  is  made 
up  of  a collection  of  records  or  tuples  (for 
example,  an  accession  file  would  contain  a 


separate  record  for  each  accessioned  plant).  A 
record  consists  of  a series  of  related  pieces  of 
information,-  these  pieces  are  called  fields, 
attributes,  or  descriptors  (an  accession  record 
might  have  several  fields — one  for  accession 
number,  another  for  plant  name,  etc.).  Each 
record  can  be  located  by  its  key  field,  which 
must  be  unique  within  the  file.  A field  can 
store  a value  (for  example,  the  value  for  the 
field  called  ACC.NUM  in  the  file  called 
ACCESSIONS  might  be  80-47). 

This  simple,  "flat-file"  structure  can  be 
represented  as  a matrix  of  intersecting 
horizontal  lines  (records)  and  vertical  columns 
(fields).  Each  box  so  formed  will  either  con- 
tain a value  or  be  empty.  Usually  these  boxes 
are  of  a predetermined  length  (fixed-length 
field  structure);  a value  that  is  longer  than  the 
allotted  length  (determined  when  the  file  is 
created)  must  be  truncated,  while  one  that  is 
shorter  than  the  length  of  the  box  must  be 
padded  with  blanks  to  fill  out  the  allotment. 
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There  is  nothing  particularly  simple  or 
straightforward  about  plant  records.  These 
records  are,  by  their  very  nature,  complex 
things,  far  more  complicated  than  the  typical 
database  records  maintained  by  banks  on  peo- 
ple, accounts,  and  transactions,  for  instance. 
This  complexity  arises  for  a variety  of  reasons: 

1)  A scientific  name  is  composed  of  a series 
of  parts,  some  required,  others  optional,  but 
each  having  to  follow  specific  rules  of  nomen- 
clature; these  names  become  extremely  com- 
plex in  the  case  of  hybrids  and  graft-chimeras. 

2)  The  name  of  an  accession  may  change  due 
to  an  original  error  or  later  taxonomic  revi- 
sion, yet  in  many  cases  both  the  "correct"  and 
the  "incorrect"  names  must  be  maintained  in 
the  system.  3)  The  same  kind  of  plant  may 
have  several  scientific  names  applied  to  it, 
each  at  a different  taxonomic  level  (for 
instance,  species  vs.  variety)  or  within  differ- 
ent genera.  4)  A genus  may  be  assigned  to 
different  families  by  different  authorities.  5) 
Some  families  have  two  equally  valid  scien- 
tific names.  6)  Many  common  names  may  be 
associated  with  a single  scientific  name,  or 
the  same  common  name  may  apply  to  many 
scientific  names.  7)  A single  accession  is  often 
composed  of  many  individual  plants,  each 
with  its  own  history  of  propagation,  curation, 
and  location.  8)  These  locations — past  and 
current — are  dynamic,  since  plants  are  often 
moved,  or  they  may  sprout  in  a new  location 
or  resprout  in  one  from  which  they  had  been 
removed.  9)  A plant  may  die,  but  its  progeny 
may  still  be  extant,  either  with  the  same 
accession  number  or  with  a different  one.  10) 
An  accession  may  have  multiple  sources  (for 
example,  a plant  may  have  come  to  the  Arnold 
Arboretum  from  the  Missouri  Botanical 
Garden,  which  received  it  from  The  Holden 
Arboretum,  each  institution  having  its  own 
accession  number).  Trying  to  manage  this 
complexity  within  the  flat-file  structure,  espe- 
cially a fixed-length  one,  was  nearly  impossi- 
ble and  often  resulted  in  designs  that  were  so 
oversimplified  that  they  could  not  capture  the 
subtle  interactions  between  the  information 
in  these  fields. 

In  1970  an  IBM  researcher  published  a paper 
entitled  "A  relational  model  of  data  for  large 


shared  data  banks"  (Codd,  1970)  that  was  to 
revolutionize  computerized  database  design. 
In  it  Codd  laid  out  the  mathematical  model 
for  implementing  a series  of  files  related  to 
one  another  by  shared  fields,  thereby  reduc- 
ing the  amount  of  redundant  information  that 
must  be  stored. 

Instead  of  having  to  enter  the  same  infor- 
mation into  several  records,  as  was  necessary 
in  the  earlier,  flat-file  approach  to  database 
design,  in  a relational  model  the  designer  cre- 
ates a series  of  files  and  writes  short  programs 
to  link  them  together.  In  the  case  of  the 
Arnold  Arboretum's  database  design,  for 
instance,  the  NAMES  file  contains  informa- 
tion on  each  plant  name  (regardless  of  any 
accession-specific  information);  the  ACCES- 
SIONS file  contains  a record  for  each  acces- 
sion (regardless  of  any  name-specific 
information);  PSOURCES  has  a record  for 
each  plant  source,  and  so  on.  Obviously,  these 
files  must  be  linked  electronically,  or  one 
would  never  know  what  name  went  with  an 
accession,  but  the  database-management  soft- 
ware (DBMS)  handles  that  automatically. 
Understanding  and  using  (and  certainly 
designing)  a relational  model  is  somewhat 
more  difficult  than  understanding  and  using 
a flat-file  model,  at  least  initially,  since  infor- 
mation is  stored  in  physically  separate  files, 
but  the  benefits  of  being  able  to  enter  infor- 
mation only  once  about  a particular  kind  of 
plant  (such  as  its  scientific  and  common 
names,  its  natural  geographic  range,  its  hardi- 
ness or  other  horticultural  characteristics)  and 
then  have  that  information  available  for  all 
accessions  of  that  name  far  outweigh  these 
initial  difficulties. 

The  Need  for  International  Information 
Standards — a Brief  History  of  BG-BASE 

In  March,  1985,  before  my  involvement  with 
either  the  Arnold  Arboretum  or  the  Center  for 
Plant  Conservation,  I met  with  Hugh  Synge, 
Duncan  Mackinder,  and  others  at  the  Inter- 
national Union  for  Conservation  of  Nature 
and  Natural  Resources  (IUCN),  housed  at  the 
Royal  Botanic  Gardens,  Kew.  We  discussed  the 
need  for  a mechanism  whereby  gardens  any- 
where in  the  world  could  share  data,  much  as 
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ACCESSIONS  FILE: 

32-1 87%434%7  3 5%1 23 
4 1 - 3000%502 1%% 

48- 1058%434%735% 

49  - 33  2%5  7 1 4%30% 

50-623%7783%408 

52-7  6%1 7 47%1%492 - 60 

6 7 - 1%504%1%234 - 3 2 

85  - 5 7%3  549%408 

85- 58%5529%408%181 -79-01748 

87  - 526%5021%30% 


NAMES  FILE: 

434%%Acer%paImatum%Thunb.%Japanese  Maple%Japan  & Korea 
504%%Acer%rubrum%L ,%Red  Mapl e%Eastern  North  America 
1747%x%Crataegomespi 1 us%grandi fl ora%(Smi th)  Bean% 
3549%%Paulownia%tomentosa%(Thunb. ) Steudel%Royal  Paul  own ia%China 
5021%%Robinia%pseudoacacia%L.%Bl ack  Locust%Eastern  U.S. A. 

5529%%Sp i raea%chamaedryfol i a%L .%Germander  Spi rea%Northeastern  As i a 
5714%%Syringa%vularis%L.%Common  Li  1 ac%Hungary  & Bulgaria 
7783%%Magnol i a%py rami data%Bateman%%Southea stern  U . S . A. 


GENERA  FILE: 

Acer%Aceraceae%%Mapl  eSBoxel  der% 

Crataegomespi 1 us%Rosaceae%Pomoideae%%Crataegus$Mespil  us 
Magnol i a%Magnol i aceae%%% 

Paul owni a%Scrophul ari aceae%%Pri ncess  TreeSEmpress  Tree% 
Robin i a%Legumi nosae%Faboideae%Locust% 

Spi raea%Rosaceae%Spi raeoideae%Spi reaSBridal -wreath% 
Syringa%01 eaceae%01eoideae%Li 1 ac% 


PSOURCES  FILE: 

17oArnold  Arboretum%AAH%The  Arborway%Jamai ca  PI  a i n%MA%02 1 30% 

30%H ill i er  Nurseries  Ltd.%%Ampfield  House%Ampfield$Romsey,  Hants,  S05  9PA%%%Engl and 
408%Royal  Botanic  Gardens,  Kew%K%%Kew,  Richmond,  Surrey  TW9  3AB%%%Engl and 
735%The  Holden  Arboretum%H0L%9500  Sperry  Road%Mentor%0H%44060% 


Example  of  a portion  of  a relational  database  design  employing  variable-length  structure.  The  ten  records  from 
the  flat-file  database  in  the  previous  figure  are  shown  here  as  they  might  be  stored  in  a relational  database  de- 
sign: such  records  are  hard  for  people  to  read  but  are  very  efficiently  processed  by  a computer.  Because  fields 
can  vary  in  length,  there  is  no  longer  a series  of  fixed-length  boxes.  Fields  are  separated  by  a special  field-delimiter 
character  (shown  here  as  “ A”);  two  field  delimiters  next  to  each  other  indicate  a field  lacking  a value.  This  system 
also  allows  for  multivalue  fields,  and  separate  values  within  a field  are  separated  by  another  special  character,  the  value 
delimiter  (shown  here  as  “/”).  Within  a file,  fields  appear  in  the  same  order,  and  the  first  field  is  always  the  key  field, 
which  must  be  unique  within  the  file. 

There  are  four  fields  shown  in  the  ACCESSIONS  file:  accession  number  (the  key  field),  name  number,  plant-source 
number,  and  accession  number  of  the  plant  source.  Accessions  32-187  and  48-1058  share  the  name  number  434,  which 
points  to  the  record  for  Acer  palmatum  in  the  NAMES  file  (this  record  need  only  be  entered  once,  no  matter  how  many 
times  it  is  referenced  by  the  ACCESSIONS  file).  Accession  41-3000  has  a name  number  of  5021,  which  points  to  Robinia 
pseudoacacia,  and  so  on.  There  are  six  fields  shown  for  the  NAMES  file:  name  number  (the  key  field),  hybrid  indicator, 
generic  name,  specific  epithet,  author,  common  names  (a  multivalue  field),  and  geographic  range  as  used  for  display 
labels.  There  are  five  fields  shown  for  the  GENERA  file:  generic  name  (the  key  field),  family,  subfamily,  common  name 
for  the  genus  (a  multivalue  field),  and  parental  genera  (another  multivalue  field).  There  are  seven  fields  shown  for  the 
PSOURCES  file:  plant-source  number  (the  key  field),  name,  international  code  for  the  institution,  address  (a  multivalue 
field),  city  state,  ZIP  code,  and  country. 
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they  were  sharing  plants.  We  realized  that  it 
would  be  impossible — and  unwise — to 
attempt  standardization  at  either  the  hard- 
ware or  the  software  level,  with  so  many  dis- 
parate systems  already  in  existence,  but  that 
it  would  be  practical  and  desirable  to  create 
a protocol  for  exchanging  information.  A 
meeting  was  called  later  that  summer  in  Lon- 
don to  devise  what  has  since  become  known 
as  the  International  Transfer  Format  (or  ITF) 
for  Botanic  Gardens  (Anonymous,  1988).  At 
that  first  meeting,  hosted  by  the  Threatened 
Plants  Unit  of  the  IUCN,  were  computer 
scientists  and  plant -records  experts  represent- 
ing many  botanical  gardens  from  several  coun- 
tries. Further  work  was  done  by  a 
subcommittee  headed  by  fames  Cullen,  of  the 
Royal  Botanic  Garden,  Edinburgh,  and  a draft 
of  the  ITF  was  presented  to  an  international 
meeting  of  botanical  gardens,  sponsored  by 
IUCN,  in  the  Canary  Islands  in  November, 
1985.  At  this  meeting,  the  draft  was 
enthusiastically  endorsed  by  the  175  par- 
ticipants (representing  39  countries),  and 
IUCN  was  asked  to  proceed  with  implement- 
ing a system  designed  around  the  ITF,  a 
request  that  IUCN  then  made  of  me:  to  cre- 
ate a microcomputer  database  application  for 
botanical  gardens,  both  large  and  small,  based 
on  the  ITF. 

Some  months  prior  to  the  Canary  Islands 
meetings,  Peter  Ashton,  then  director  of  the 
Arnold  Arboretum,  had  requested  that  I con- 
sider writing  a computer  application  to  han- 
dle the  plant-records  needs  of  the  institution. 
I agreed,  with  the  proviso  that  the  application 
be  made  as  generic  as  possible  in  order  to 
meet  the  needs  of  many  gardens,  not  just  the 
Arnold  Arboretum.  The  care  taken  in  both 
manual  and  computerized  record  keeping  at 
the  Arnold  Arboretum  is  probably  unsur- 
passed by  any  other  garden  in  the  world,  so 
the  request  to  do  a system  at  the  Arboretum 
was  both  daunting  and  exciting — if  it  worked 
here,  it  should  work  almost  anywhere.  The 
difficult  job  was  simplified,  however,  by  the 
long  tradition  of  many  Arboretum  staff  using 
and  contributing  to  the  manual  record  system; 
thus,  there  was  a pattern  of  information  flow 


that  could  be  emulated  by  the  computer 
system,  which  would  have  to  allow  simul- 
taneous access  to  all  records  from  any  work 
station  in  two  buildings. 

Armed  with  a design  for  a herbarium  and 
living-plant  collection-management  applica- 
tion written  for  the  Asociacion  Mexicana  de 
Orquideologia  in  early  1985  and  with 
experience  gained  in  helping  the  Matthaei 
Botanical  Gardens  of  The  University  of  Michi- 
gan to  computerize  its  records  in  1973, 1 began 
in  the  summer  of  1985  the  work  of  creating 
an  application  that  has  since  been  named 
BG-BASE.  From  the  beginning  the  design 
of  BG-BASE  has  been  a group  effort;  it  has 
now  involved  more  than  100  people  from  over 
35  institutions. 

The  authors  of  other  articles  in  this  issue 
formed  the  core  of  specialists  contributing 
most  to  the  eventual  design  of  BG-BASE.  For 
about  two  years,  a group  of  five  to  eight  of  us 
met  over  lunch  nearly  every  week  to  plan  and 
to  discuss  the  design,  and  eventually  to  test 
and  criticize  the  implementation.  Ideas  for 
new  data  fields,  new  files,  and  new  reports 
were  presented  regularly  for  general  discus- 
sion, resulting  in  some  fairly  heated  debates. 

The  heart  of  the  system  was  always  under- 
stood to  be  based  on  the  International  Trans- 
fer Format,  but  since  this  format  specified 
only  36  fields,  we  had  a great  deal  of  fleshing 
out  to  do.  As  it  currently  stands,  BG-BASE 
comprises  564  fields  spread  over  12  major 
files.  In  addition  to  these  major  files,  there  are 
another  ten  index  files  that  allow  the  user  to 
look  up  information  in  a wide  variety  of  ways. 

Functions  of  the  BG-BASE  Data  Files 

The  NAMES  file  is  the  central  file  to  which 
most  other  files  link,  either  directly  or 
indirectly.  There  are  98  fields  of  information 
for  each  plant  name,  making  this  a challeng- 
ing and  time-consuming  file  for  which  to 
complete  a record,  although  incomplete 
records  are  perfectly  acceptable  and  usual.  As 
is  true  throughout  the  design  of  BG-BASE, 
these  fields  are  fairly  finely  divided;  for 
instance,  the  scientific  name  of  a plant  is 
broken  into  20  separate  fields  that  are  recom- 
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The  file  structure  o/BG-BASE.  Instead  of  storing  all  information  in  one  large  and  heterogeneous  file,  as  many  gardens’ 
record  systems  do,  BG-BASE  employs  the  relational  model,  linking  564  fields  in  12  major  data  files.  Each  box  represents 
a file : figures  in  brackets  refer  to  the  number  of  data  fields  defined  in  each  file.  Words  in  lower  case  refer  to  selected 
fields  within  the  file.  Lines  connecting  boxes  indicate  linkages  between  files. 
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bined  during  output  to  create  the  name  as  we 
expect  to  see  it.  This  division  into  separate 
fields  allows  the  program  to  process  generic 
names,  hybrid  indicators,  and  infraspecific 
rank  and  names  (subspecies,  varieties,  culti- 
vars,  and  so  on)  easily,  as  well  as  naming 
authors,  and  it  is  possible  to  retrieve  a name 
record  by  typing  any  word  or  words  from 
either  the  scientific  or  the  common  name(s). 
There  is  considerable  logic  built  into  the 
NAMES  entry  screens  so  that  many  of  the 
fields  are  skipped  automatically,  depending 
upon  what  kind  of  name  is  being  entered.  In 
addition  to  the  full  scientific  name,  the 
NAMES  file  stores  synonyms  and  common 
names,  a full  description,  information  on 
infrageneric  classification,  geographic  range, 
hardiness,  conservation  status,  and  so  on. 
Through  links  to  the  ACCESSIONS  and 
PLANTS  files,  a list  of  all  accessions  of  a 
name  is  displayed,  along  with  the  location  of 
each  of  these  plants  on  the  grounds.  As  of  the 
beginning  of  February,  1989,  there  were  8292 
records  in  the  NAMES  file. 

The  NAMES  file  links  through  its  genus 
field  to  the  GENERA  file.  For  each  genus  in 
the  collection,  a record  is  created  in  which  the 
genus  is  assigned  to  a family  (family  names 
in  all  other  files  art  generated  by  looking  up 
this  information  in  the  GENERA  file,  thus 
ensuring  consistency  of  data).  If  the  genus  is 
of  hybrid  origin,  its  parental  genera  are  listed 
in  the  record.  Additionally,  any  plant  sources 
specializing  in  the  genus  (a  list  maintained  by 
a link  to  the  PSOURCES  file)  and  a bibliogra- 
phy for  the  genus  (maintained  by  the  DS  file) 
show  up  automatically  in  the  record.  There 
are  currently  630  genera  records  in  the  file. 

The  FAMILIES  file  contains  a record  for 
each  family  of  vascular  plants  (currently  694 
records).  Each  record  contains  information  on 
the  higher  taxonomic  categories  (for  example, 
monocot  or  dicot,  subclass,  order),  family 
common  name(s),  and  so  on.  As  is  true  for 
GENERA,  FAMILIES  records  are  linked  to  the 
PSOURCES  and  DS  files. 

The  ACCESSIONS  file  has  a record  for  each 
accession  coming  into  the  institution;  with 
120  fields  in  its  dictionary,  it  is  the  most  com- 


plex file  (many  plant-record  systems  that  do 
not  employ  the  relational  model  have  a sin- 
gle file,  the  accessions  file,  in  which  all  infor- 
mation concerning  the  accession,  the  name, 
the  source,  the  country  of  origin,  the  location, 
and  so  on,  is  kept;  in  BG-BASE,  information 
that  is  not  specific  to  the  accession  is  kept  in 
other,  related  files).  An  accession  is  a plant  or 
a group  of  plants  all  bearing  the  same  name 
from  a single  source;  each  accession  is  given 
a unique  accession  number.  Besides  this  num- 
ber, an  accession  record  maintains  a link  to 
the  correct  name  (stored  in  the  NAMES  file) 
as  well  as  to  the  date  of  accession;  the  name 
under  which  the  plant  was  originally  received; 
how  the  accession  was  received  (for  instance, 
seed,  cutting,  division,  tissue  culture,  and  so 
on);  a complete  source  history  of  the  plant 
(immediate,  intermediate,  and  original 
sources,  along  with  each  source's  accession 
number);  the  provenance  type  (directly  col- 
lected from  the  wild,  from  a cultivated  plant 
of  known  wild  origin,  or  from  a cultivated 
plant  not  of  known  wild  origin);  the  country, 
exact  collection  locality,  collector,  and  other 
collection  data  such  as  habitat  notes  and 
associated  species  if  wild  collected;  propaga- 
tion history  (including  hormones  applied, 
stratification  and  scarification  techniques, 
and  germination  results).  This  file  forms  the 
basis  of  the  accessioning  system  with  two 
notable  exceptions:  all  name-specific  informa- 
tion is  kept  in  the  NAMES  file,  and  all  plant- 
specific  information  is  stored  in  the  PLANTS 
file.  Currently,  there  are  13,560  accessions 
tracked  (the  more  than  100,000  cards  in  the 
"dead  file"  are  not  yet  computerized). 

The  PLANTS  file  is  at  first  difficult  to 
separate  conceptually  from  the  ACCESSIONS 
file.  Since  each  accession  may  actually  con- 
tain many  separate  plants,  each  in  a different 
location  and  suffering  different  disease  and 
insect  problems,  it  was  necessary  to  create  a 
record  for  each  plant  (or  massed  planting) 
within  an  accession.  If  there  is  only  one  plant 
making  up  an  accession,  then  there  is  only 
one  PLANTS  record;  if  there  are  seven  plants 
in  different  places  on  the  grounds,  then  there 
are  seven  PLANTS  records,  and  so  on.  The  key 
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field  to  this  file  is  the  accession  number 
(which  must  already  exist  in  the  ACCES- 
SIONS file),  along  with  a letter  that  uniquely 
identifies  the  plant  within  the  accession  (for 
example,  a plant  number  of  "1010-57*C"  refers 
to  plant  "C"  of  accession  "1010-57"  and 
"130-69*A"  refers  to  plant  "A"  of  accession 
"130-69").  This  file  stores  information  on  all 
locations  that  the  plant  has  occupied  during 
its  existence  in  the  collection,  as  well  as  infor- 
mation on  field  checks,  measurements,  and 
curatorial  problems.  It  is  the  file  that  links  to 
the  computerized  mapping  program — the 
exact  coordinates  of  each  plant,  as  determined 
by  aerial  photography,  are  stored,  as  are  the 
location  codes  (map  numbers)  that  link  to  the 
LOCATIONS  file.  This  file  also  stores  the 
verification  and  voucher-specimen  informa- 
tion essential  to  verifying  the  living  collec- 
tions, as  described  by  David  Michener  in  this 
issue.  There  are  currently  16,681  records  in 
the  PLANTS  file. 

The  LINEAGES  file  is  needed  because  at 
the  Arnold  Arboretum  an  accession  is  given 
a new  accession  number  whenever  it  is 
propagated,  either  sexually  or  asexually.  These 
"sister7'  and  "mother-daughter"  accessions 
share  a common  lineage  number — that  acces- 
sion number  under  which  the  accession  first 
came  into  the  collection  (for  instance,  lineage 
number  3786,  representing  Pyrus  amyg- 
daliformis  var.  persica,  came  into  the  collec- 
tion in  1902  as  a scion,  was  propagated  as  a 
bud  graft  in  1964  as  accession  1046-64,  and 
was  propagated  again  in  1981  as  a scion  as 
accession  723-81).  By  maintaining  a LIN- 
EAGES file,  it  is  possible  to  ensure  that  all 
plants  of  a given  accession  lot  bear  the  same 
name;  without  such  a file,  this  would  be  a 
very  difficult  and  tedious  task,  given  the  size, 
age,  extensive  propagation  history,  and  com- 
plexity of  the  collection.  There  are  currently 
11,572  lineages  represented  in  this  file. 

The  PSOURCES  file  keeps  track  of  all  plant 
sources  with  which  the  Arboretum  exchanges 
plants.  For  the  1684  records  currently  in  this 
file,  the  system  stores  addresses  and  telephone 
numbers,  staff  names,  generic  and  family 
specialties,  and  several  other  fields.  A link  to 


the  ACCESSIONS  file  maintains  a list  of  all 
accessions  received  from  a particular  plant 
source.  Thus,  the  record  for  the  Royal  Botanic 
Gardens,  Kew  (plant  source  #408),  shows  that 
the  Arnold  Arboretum  has  received  266  acces- 
sions from  Kew;  for  each  accession,  the 
Arnold  Arboretum  accession  number  and  the 
plant's  name  are  listed  along  with  the  num- 
ber of  plants,  how  they  were  received  (for 
instance,  seed,  cutting,  division,  and  so  on), 
the  provenance  type,  and  Kew's  accession 
number.  This  file  is  being  expanded  also  to 
keep  track  of  all  accessions  being  sent  to  other 
institutions. 

The  LOCATIONS  file  currently  contains 
622  records.  Each  record  represents  a mapped 
area  (usually  200  by  300  feet)  whose  key  field 
corresponds  to  the  code  for  the  hand-drawn 
map.  There  is  a description  of  the  location  by 
which  the  record  can  be  retrieved  (for 
instance,  location  #BRG-l-b  reads  "Jamaica 
Plain;  Bradley  Collection;  Bed  1,  Section  b"), 
as  well  as  two  lists  of  plants  (maintained  by 
links  to  the  PLANTS  file):  one  list  tracks  all 
plants  ever  in  the  location,  and  the  other 
tracks  only  those  currently  there.  This  file 
permits  the  production  of  inventory  lists  by 
location  code  for  field-checking  purposes. 

The  DS  file  has  records  for  every  data  source 
used  in  the  rest  of  the  system.  A data  source 
is  defined  as  any  book,  article,  unpublished 
work,  survey,  conversation,  and  so  on,  from 
which  information  has  been  taken.  Each  data- 
source  record  (there  are  currently  270)  con- 
tains information  on  author,  date  of  publica- 
tion, title,  subtitle,  source,  call  number, 
keywords,  and  abstract.  For  example,  by  refer- 
ring back  to  this  number  in  the  NAMES  file, 
it  is  possible  to  store  very  efficiently  the  fact 
that  Hortus  Third  (DS  #3)  calls  Alnus  incana 
the  "speckled  alder"  but  that  Krussmann  (DS 
#7)  calls  it  either  "American  speckled  alder" 
or  "common  alder,"  or  that  Abies  alba  is  given 
seven  different  common  names  in  Liu's  mono- 
graph of  the  genus  (DS  #73).  There  are  links 
to  the  NAMES,  COUNTRIES,  STATES,  FAMI- 
LIES, and  GENERA  files,  and  it  is  possible  to 
create  a bibliography  for  any  record  or  group 
of  records  in  these  files.  Since  most  fields  in 
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the  other  files  have  an  associated  data-source 
field,  virtually  any  piece  of  information  can 
be  credited  to  a data  source. 

The  COUNTRIES  file  has  a record  for  each 
country  in  the  world,  as  defined  by  the  Inter- 
national Standards  Organization.  Using  the 
two-character  country  code,  it  is  possible  to 
store  information  about  country  of  origin  in 
the  ACCESSIONS  file,  which  then  links  to 
the  COUNTRIES  file.  This  permits  the  dis- 
play of  all  accessions  collected  from  a partic- 
ular country  in  that  country's  record.  There 
are  currently  221  country  records. 

In  the  STATES  file  is  a record  for  each  state 
or  dependency  of  the  United  States,  keyed  on 
the  two-letter  postal  abbreviation.  This  file  is 
used  mostly  to  verify  addresses  in  the 
PSOURCES  file  and  to  code  geographic  infor- 
mation in  the  DS  file.  Once  codes  are  agreed 
upon  for  the  political  units  for  each  country 
(preliminary  approval  was  voted  at  the  1988 
meetings  of  the  Taxonomic  Databases  Work- 
ing Group),  this  file  will  be  expanded  to 
include  the  subcountry  units  for  all  countries 
in  the  world,  not  just  the  states  of  the  U.S. 

The  PHOTOS  file  arose  from  an  Institute 
of  Museum  Services  grant  to  computerize  the 
data  on  photographs  taken  by  E.  H.  Wilson  in 
China,  Korea,  and  other  areas.  It  has  fields  for 
subject,  country  and  province  or  state,  date  of 
photograph,  and  so  on.  There  are  currently 
4994  photographs  tracked  in  this  file.  Its  struc- 
ture is  under  revision  to  make  it  more  gener- 
ally useful  and  to  link  it  more  closely  to  the 
NAMES,  ACCESSIONS,  and  COUNTRIES 
files. 

Software  Considerations 

None  of  this  would  have  been  possible 
without  a powerful  and  flexible  software 
product  with  which  to  build  this  complex 
application.  After  working  for  several  years 
with  many  other  microcomputer  database- 
management  software  (DBMS)  products,  I 
chose  to  use  Revelation,  then  little  used  in  the 
biological  world,  as  a platform  for  BG-BASE 
because  it  puts  very  few  restrictions  or  con- 
straints on  the  designer  of  an  application.  A 
field  can  vary  in  length  from  zero  to  over 


65,000  characters,  meaning  that  there  is  no 
concern  about  either  truncation  or  padding 
with  blanks.  In  addition,  a single  field  can 
store  more  than  one  value,  a vital  feature  for 
fields  such  as  common  names  for  a plant,  or 
field  checks  for  an  accession.  These  two 
features — variable-length  fields  and  mul- 
tivalue fields — combine  to  make  this  one  of 
the  most  powerful  database-management 
tools  available  for  microcomputers. 

As  noted  above,  BG-BASE  consists  of  over 
560  fields,  yet  no  one  institution  uses  all  of 
them.  Although  the  master  dictionary  con- 
tains all  of  these  fields,  any  particular  garden 
might  be  using  only  half  of  them.  A "blue 
skies"  approach  in  the  design  of  BG-BASE — 
creating  a field  for  virtually  every  request  from 
the  various  gardens  using  the  system,  regard- 
less of  whether  others  wanted  to  use  that 
field — was  possible  since  variable-length  fields 
require  only  one  character  (a  "field  delimiter") 
of  storage  when  they  are  not  used,  not  the 
storage  of  vast  numbers  of  blanks,  as  would 
be  the  case  with  a fixed-length  field  structure. 
This  gives  a garden  the  flexibility  of  utilizing 
a complex  system  at  whatever  level  is 
appropriate  to  its  internal  record-keeping  tra- 
ditions; as  the  data-processing  needs  of  the 
institution  change,  fields  already  defined  in 
the  master  dictionary  can  be  turned  on  or  off 
without  disturbing  existing  data. 

The  Way  Forward:  the  Future  of  BG-BASE 

Even  though  BG-BASE  has  been  installed  in 
22  gardens  in  four  countries,  its  design  is 
neither  complete  nor  static.  Suggestions  come 
from  the  Arnold  Arboretum  staff,  from  other 
institutions  using  BG-BASE,  and  from  the 
many  visitors  who  visit  Jamaica  Plain  to  look 
at  the  Arboretum's  plant  records,  and 
enhancements  are  still  being  added  regularly. 
Areas  of  active  development  include  horticul- 
tural maintenance,  scheduling,  and 
herbarium-voucher  modules.  Database  files 
are  being  designed  to  track  insect  pests,  fun- 
gal and  bacterial  diseases,  Integrated  Pest 
Management  systems,  pesticides,  and  the  like. 
New  report  formats  for  the  production  of  hard- 
copy accession  cards,  the  yearly  accession 
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The  Arnold  Arboretum's  Computer  Network 


In  the  mid-1980's,  the  Arboretum  was  given 
an  anonymous  donation  that  was  used  to 
install  a network  of  microcomputers  to 
handle  the  record-keeping  needs  of  its  liv- 
ing collections.  Specifications  were  drawn 
up,  computers  were  purchased,  and  in 
August,  1986,  a trench  was  dug  the  two- 
fifths  of  a mile  between  the  Visitors'  Center 
and  the  Dana  greenhouse  complex,  into 
which  computer  cable  and  telephone  lines 
were  laid.  The  exact  location  of  this  trench 
was  then  added  to  all  affected  maps  of  the 
collection.  Cable  was  also  run  between  the 
various  floors  of  the  Hunnewell  Visitors' 
Center  (not  an  easy  task  in  an  1892  build- 
ing with  three-foot-thick  walls)  to  connect 
the  four  IBM  personal  computers  to  the  file 
server  (the  central  microcomputer  that 
stores  all  programs  and  data),  which  was 
placed  in  the  basement  next  to  the  plant 
records  office.  The  file  server  was  installed 
with  a 30-megabyte  hard  drive,-  this  storage 
capacity  was  later  increased  to  110  mega- 
bytes when  the  education  and  membership 
databases  were  added  to  BG-BASE. 

The  system  has  now  grown  to  include  1 1 
microcomputers  (with  four  more  on  order) 
linked  to  the  original  file  server  (which  is 
slated  for  replacement  in  early  1989  by  a 
machine  that  is  three  times  faster  and  that 


has  three  times  the  disk-storage  capacity). 
There  are  seven  printers  of  various  sorts, 
some  shareable  and  others  not,  as  well  as 
a 24-  by  36-inch  digitizing  table  for  map- 
ping work. 

Tape  backups  are  performed  daily  by  the 
system  operator,  and  the  tapes  are  stored 
off-site  for  maximum  security  against 
catastrophic  loss,  vandalism,  and  theft. 

The  work  stations  connect  to  each  other 
and  to  the  server  through  a Novell  Local 
Area  Network  (LAN)  operating  system  (a 
separate  Novell  LAN  of  eight  microcom- 
puters is  used  in  the  attic  of  the  Hunnewell 
Visitors'  Center  by  the  Center  for  Plant 
Conservation's  national  office).  All  plant 
records,  as  well  as  the  12,125-record  MEM- 
BERS file,  the  565-record  COURSES  file, 
and  the  3223-record  REGISTRATIONS  file, 
are  handled  by  the  multi-user  version  of 
BG-BASE,  which  allows  many  people  to 
access  any  file  concurrently,  although  only 
one  user  can  edit  a particular  record  at  a 
time  (all  records  are  date-stamped  with  the 
initials  of  the  user  who  edits  them).  The 
network  also  serves  most  of  the  word- 
processing needs  of  the  Arboretum,  and 
there  is  a large-screen  workstation  used  for 
desktop  publishing. 


book,  and  pot  and  show  labels,  as  well  as  a 
guide  to  the  locations  of  all  active  names  in 
the  collection,  have  recently  been  created. 

Another  important  new  link,  discussed  by 
Ethan  Johnson  elsewhere  in  this  issue,  is 
between  BG-BASE  and  a computerized  map- 
ing  program.  The  Arnold  Arboretum  received 
a $25,000  grant  from  the  Institute  of  Museum 
Services  to  design  and  implement  this  link  as 
a model  for  other  gardens,  a process  that  is 
currently  in  progress.  When  this  link  is  com- 
pleted, staff,  and  eventually  the  public,  will 
be  able  to  generate  a map  for  any  plant  or 


group  of  plants  based  on  virtually  any  of  the 
hundreds  of  fields  of  data  stored  within 
BG-BASE. 

As  the  mapping  project  progresses,  BG- 
BASE  is  being  converted  from  Revelation  to 
Advanced  Revelation  to  increase  its  power 
and  flexibility  further.  Although  the  way  the 
user  interacts  with  the  database  system  will 
be  substantially  altered,  all  the  data  will 
remain  compatible  between  the  two  versions. 

Another  major  initiative,  supported  by  the 
Andrew  W.  Mellon  Foundation,  is  to  stan- 
dardize to  whatever  degree  possible  the  data- 
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base  structures  of  BG-BASE,  the  Center  for 
Plant  Conservation,  The  Nature  Conservancy, 
and  the  Missouri  Botanical  Garden.  Together, 
these  various  databases,  all  based  on  Revela- 
tion or  Advanced  Revelation,  contain  over 
one  million  records  and  several  thousand 
fields.  This  is  a first — but  massive — step 
toward  the  eventual  goal  of  establishing  a 
global  plant-information  system,  with  Mis- 
souri's TROPICOS  and  Flora  North  America 
databases  contributing  vast  amounts  of  infor- 
mation about  native  and  exotic  plants,  The 
Nature  Conservancy's  BCD  system  supplying 
facts  on  plant  rarity,  biological  attributes,  and 
distribution,  and  BG-BASE  contributing  data 
on  plants  in  cultivation  in  botanical  gardens 
and  arboreta  around  the  world.  Already,  vari- 
ous standards  have  been  proposed  to  and 
adopted  by  the  Taxonomic  Databases  Work- 
ing Group  to  ensure  the  greatest  possible  com- 
patibility worldwide  (a  sample  data  set  of  all 
wild-collected  accessions  from  the  Arnold 
Arboretum  was  sent  on  diskette  as  an  ITF  file 
to  IUCN's  Botanic  Gardens  Conservation 
Secretariat  at  the  Royal  Botanic  Gardens,  Kew, 
to  test  the  exporting  and  importing  of  ITF 
records  between  disparate  computing  sys- 
tems). BG-BASE  is  thus  one  piece  in  an  evolv- 
ing matrix  of  interlocking  databases. 

The  Arnold  Arboretum  hopes  soon  to  be 
able  to  allow  public  access  to  the  plant  infor- 
mation stored  in  BG-BASE  through  a termi- 
nal in  the  Hunnewell  Visitors'  Center.  Further 
funding  is  necessary  before  this  and  related 
projects — creating  a visual  database  of  the  col- 
lection and  providing  on-line  identification — 
can  be  undertaken.  Digitized  photographic 
images  stored  on  laser  disks  linked  to  BG- 
BASE's  data  and  mapping  coordinates  will 
eventually  allow  the  casual  visitor  as  well  as 
the  visiting  scientist  to  interact  with  the  liv- 
ing collections  of  the  Arnold  Arboretum  as 
never  before. 
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Chronicling  the  Living  Collections:  the  Arboretum's 
Plant  Records 

Jennifer  Quigley 


The  plant  records  office's  high-tech  functions  are  at  the  center  of  the 
Arboretum's  newly  integrated  computer  operation 


The  Arnold  Arboretum's  plant-records  system 
has  evolved  over  the  116  years  of  the  Arbore- 
tum's history,  and  although  it  has  undergone 
many  changes,  it  has  retained  its  integrity  as 
a curatorial  record,  the  oldest  continuously 
maintained  system  of  its  kind  in  North 
America. 

The  Development  of  the  Records  System 

Jackson  Dawson,  the  Arboretum's  first  plant 
propagator,  kept  a series  of  journals  in  which 
he  recorded  plants  added  to  the  living  collec- 
tions using  a numbering  system  quite  differ- 
ent from  the  year-coded  system  that  we  use 
today  It  is  unclear  in  what  year  these  journals 
were  begun,  although  they  may  have  been 
intended  to  accompany  the  maps  generated 
from  Codman's  1887  survey.  The  earliest 
entries  follow  the  Bentham  and  Hooker 
sequence  that  had  been  established  for  the 
collections  and  show  no  chronological 
progression,  suggesting  that  the  journals 
started  as  an  inventory  of  plants  already 
present  in  the  collections.  The  numbering  sys- 
tem used,  in  which  each  new  taxon  added  to 
the  collection  was  assigned  a base  number 
from  which  the  numbers  assigned  to  subse- 
quent accessions  of  the  same  taxon  were  de- 
rived, likewise  suggests  inventory  numbers 
rather  than  accession  numbers  as  we  know 
them  in  today's  system.  Source  information 
was  recorded  in  these  journals  and/or  in  a card 
file,  suggesting  the  existence  of  a parallel 
record  system  that  recorded  all  material 


received  but  was  not  at  the  time  considered 
worthy  of  being  kept  once  the  information 
pertinent  to  the  living  collections  had  been 
transferred  to  the  journals  and  cards. 

As  new  material  was  added,  it  was  neces- 
sary to  check  the  existing  records  in  order  to 
determine  whether  the  taxon  was  (or  had 
been)  already  represented.  If  so,  a sequential 
suffix  number  was  added  to  the  established 
base  number.  For  example,  the  first  recorded 
accession  of  Magnolia  acuminata,  seed 
received  in  1874,  was  assigned  the  number  35. 
The  next,  a plant  received  in  1877,  received 
the  number  35-1;  and  plants  received  in  1879, 
35-2.  Incoming  materials  of  taxa  not  already 
represented  were  assigned  new  base  numbers. 

When  the  identification  of  an  accession  was 
changed,  its  number  was  also  changed  in  order 
to  reflect  the  new  taxon  to  which  it  was 
assigned.  As  the  collection  grew,  so  did  the 
quantity  of  accessions  representing  the  same 
taxon,  and  the  use  of  the  same  base  number 
for  genetically  unrelated  accessions  invited 
error  and  misinterpretation.  It  became  clear 
that  the  system  required  a change,  so  a large 
proportion  of  the  collection  was  renumbered: 
the  first  incoming  accession  of  a taxon 
retained  its  number,  but  later  accessions  of 
the  same  taxon  were  assigned  new  numbers. 
Vegetative  repropagations  of  material  already 
in  the  collection  continued  to  follow  the 
suffix  system,  each  bearing  a number  derived 
from  either  the  original  or  the  new  base  num- 
ber assigned  to  the  accession  from  which  it 
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had  been  propagated.  Although  the  system 
remained  cumbersome,  it  was  no  longer 
necessary  for  numbers  to  change  with  new 
identifications,  nor  did  the  assignment  of  a 
number  to  a new  accession  require  a thorough 
check  of  both  current  and  dead  records. 

In  1916,  when  William  Judd  assumed  the 
post  of  plant  propagator,  he  initiated  a new 
system,  assigning  a year-coded  number  that 
consisted  of  a sequential  number  with  an 
appended  year  code  (for  example,  Fraxinus 
quadrangulata,  52-16,  was  the  fifty-second 
accession  received  in  1916),  an  accession  num- 
ber in  the  current  sense,  to  each  accession 
received.  In  the  same  year  the  greenhouse 
produced  its  first  accession  book,  quite  dis- 
tinct from  the  earlier  inventorylike  journals. 
A chronological  listing  of  all  plant  materials 
received,  regardless  of  whether  they  were 
added  to  the  living  collections,  the  accession 
books  now  serve  as  our  primary  reference  in 
tracing  the  histories  of  our  plants. 

As  plants  were  added  to  the  collections, 
however,  they  were  assigned  numbers  in 
accordance  with  the  older  system  and  entered 
into  the  journals,-  both  numbers  appear  on  the 
records  of  material  received  during  this  period, 
although  the  inventory  number  has  been  the 
one  used  in  curation  of  the  collection.  By  1934 
it  was  apparent  that  the  system  was  overly 
cumbersome.  Base  numbers  had  reached  well 
over  22,000,  and  even  in  its  new  form,  the 
suffix  system  was  generating  complications. 
Since  that  year  the  accession  number  assigned 
at  the  greenhouse  has  as  a rule  been  retained 
throughout  the  recorded  history  of  the  result- 
ing plants. 

Still,  until  the  mid-1970's,  it  was  common 
practice  for  material  that  did  not  fit  the  stan- 
dard accession  pattern  to  be  assigned  an  inven- 
tory number.  Plants  resulting  from  the 
hybridizing  work  of  Karl  Sax  during  the 
1950's,  representatives  of  the  Arboretum's 
spontaneous  flora  deemed  worthy  of  curation, 
and  individuals  selected  from  their  accession 
lots  either  because  the  accession  lot  was 
found  to  include  more  than  one  taxon  or  for 
introduction  as  cultivars  (for  example, 
Hamamelis  Arnold  Promise'  selected  in  1963 


Jackson  Dawson,  1841-1916,  the  first  superintendent  of 
the  Arnold  Arboretum,  had  been  passionately  interest- 
ed in  seeds  since  childhood.  During  the  American  Civil 
War,  some  of  his  wounds  were  supposedly  received  while 
he  was  searching  for  plants  and  seeds.  A distinguished 
plant  propagator,  he  was  noted  for  “seemingly  impossi- 
ble’’ accomplishments  in  grafting,  seed  germination,  and 
plant  culture,  as  well  as  for  hybridizing  the  Farquhar, 
W.  C.  Egan,  Dawson,  Lady  Duncan,  and  Sargent  roses. 
Photograph  from  the  Archives  of  the  Arnold  Arboretum. 

from  accession  1173-28  and  assigned  number 
23167)  were  among  the  exceptions  to  the 
system. 

A card  file  maintained  at  the  greenhouse 
contains  the  information  available  upon 
accession  of  new  material  (name,  date  of 
receipt,  immediate  source,  original  source  if 
known,  quantity,  type  of  material,  locale  of 
collection  if  collected  from  a wild  population, 
and  any  additional  information  concerning 
growth  habit,  flower  color,  or  other  charac- 
teristics of  the  material  being  accessioned). 
This  information  is  copied  into  the  annual 
accession  book.  In  addition,  the  greenhouse 
file  is  annotated  with  the  methods  used  in 
propagating  the  accession  (if  seed,  whether  it 
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was  stratified;  if  cuttings,  whether  hormones 
were  used  to  induce  rooting,  and  so  on).  This 
file  provides  information  used  by  our  propa- 
gation staff  in  determining  the  most  effective 
means  of  propagation  for  additional  incoming 
material  (or  of  repropagation  for  material 
already  in  the  collections),  and  in  responding 
to  inquiries  from  the  public  or  other  profes- 
sionals. 

A second  card  file,  maintained  by  the  plant 
records  office,  chronicles  the  living  collec- 
tions. This  file,  containing  the  accession  infor- 
mation already  recorded  in  the  greenhouse 
files  and  the  accession  book,  lists  individual 
plants  representing  the  accession  lot  and  their 
locations  on  the  grounds;  it  is  annotated  with 
information  regarding  the  status  of  these 
plants  each  time  a staff  member  checks  on 
them. 

It  is  the  responsibility  of  the  plant-records- 
office  staff  to  perform  regular  field-checks  in 
the  collection  to  determine  that  all  plants  are 
properly  mapped,  recorded,  and  labeled  (a  full 
discussion  of  mapping  procedures  and  our 
map  system  can  be  found  in  the  article  by 
Ethan  Johnson  in  this  issue).  We  conduct 
these  field-checks  map  by  map,  with  a full 
remapping  cycle  of  the  grounds  requiring 
approximately  ten  years,  and  volunteers  and 
seasonal  interns  have  played  a major  role.  In 
addition,  other  staff  members  working  with 
the  living  collections  report  to  the  plant 
records  office  any  discrepancies  that  they 
encounter  between  records  information, 
maps,  and  plants  on  the  grounds.  In  the  course 
of  their  work,  verification-project  personnel 
have  checked  the  collections  in  a pattern  very 
different  from  the  one  traditionally  followed 
by  records-office  field-checks.  Timing  their 
collecting  activities  to  coincide  with  flower- 
ing or  fruiting  seasons  and  working  with 
related  groups  at  diverse  locations  on  the 
grounds,  they  have  been  able  to  identify 
problems  that  had  not  been  apparent  during 
traditional  field-checking.  The  information 
gleaned  from  records-office  map  checks,  the 
verification  project,  and  other  staff  members, 
together  with  any  nomenclature  updates  or 
additional  information  obtained  through 


library  references  or  correspondence,  is  used 
to  update  the  maps,  the  card  file,  and  a com- 
puterized record  maintained  out-of-house. 

The  Arboretum  and  the  Plant  Sciences  Data 
Center 

Since  1972  the  Arnold  Arboretum  has  been 
one  of  many  North  American  gardens  provid- 
ing collection  information  to  the  American 
Horticultural  Society's  Plant  Sciences  Data 
Center  (PSDC),  located  in  Alexandria,  Vir- 
ginia, and  designed  to  function  as  a central 
databank.  Initial  input  to  the  system  was  per- 
formed by  staff  of  what  was  then  known  as 
the  Plant  Records  Center  from  copies  of  our 
living-collections  card  file.  Much  of  the  data 
entered  was  incomplete  or  incorrectly  inter- 
preted during  input,  resulting  in  errors  and 
omissions  that  continue  to  confuse  and  con- 
found those  who  work  with  the  printouts 
generated  from  these  records,  despite  the 
number  of  corrections  made  to  them  in  sub- 
sequent years. 

We  update  the  PSDC  records  twice  yearly 
with  information  concerning  plants  added 
during  each  of  the  Arboretum's  planting  sea- 
sons and  with  changes  in  status  for  existing 
material,  which  we  type  on  standard  forms 
and  mail  to  PSDC  for  entry  to  their  computer 
system.  We  note  all  additions,  changes,  and 
deletions  on  the  current  printout  maintained 
in  the  plant  records  office,  and  each  year  when 
a new  printout  is  received  from  PSDC,  we 
check  item  by  item  to  ascertain  that  all  infor- 
mation has  been  properly  recorded. 

The  format  for  entries  in  the  PSDC  data- 
base requires  that  much  of  the  information 
that  we  have  maintained  in  our  card  file  over 
the  years  be  abbreviated  or  ignored  entirely, 
since  the  system  uses  a flat-file  structure  and 
fixed-length  fields.  Despite  the  limitations 
imposed  and  the  additional  work  necessitated 
for  the  plant  records  office,  use  of  the  database 
has  provided  us  with  a needed  check  on  the 
accuracy  of  the  card  file  and  has  served  as  a 
method  of  sharing  our  inventory  information 
with  other  gardens  through  the  PSDC's 
microfiche  listing  of  the  holdings  of  all 
gardens  in  the  system.  An  additional  benefit 
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Display  and  record  labels  provide  different  types  of  in- 
formation. The  display  labels  are  for  the  public  and  now 
list  common  and  Latin  names,  plant  family,  and  the  spe- 
cies’ geographic  range.  The  trunk  display  labels  (scotch 
pine)  are  nailed  to  the  trunk,  while  hanging  dislay  labels 
(black  poplar)  are  suspended  from  a branch.  Older  dis- 
play labels  provided  less  information.  The  record  labels 
(one  shown  with  wire  attachment)  are  used  by  the  staff 
and  hst  curatorial  information  applicable  to  that  specific 
accession.  Photograph  courtesy  of  Racz  and  Debreczy. 


has  been  that,  unlike  the  card  file,  the  print- 
out generated  by  PSDC  is  available  in  multi- 
ple copies  and  can  be  provided  to  numerous 
staff  members  for  reference  use.  The  standard 
printout  (PSDC's  General  Information  Listing) 
is  arranged  in  alphabetical  order  by  taxon,  but 
special-use  printouts  have  been  generated  in 
various  formats,  including  listings  by  map 
location,  year  of  receipt,  and  family.  Listings 
of  particular  genera  have  been  provided  for  use 
in  research  studies. 

Other  Plant-Records-Office  Functions 

When  plants  appear  on  a seasonal  planting  list 
for  addition  to  the  collection,  plant-records 
staff  trace  their  lineage  to  determine  whether 
they  meet  collections  standards,  verify  their 
nomenclature  through  literature  search, 
check  the  records  to  ascertain  whether  the 
taxon  is  already  represented  by  the  three  wild- 
collected  accessions  mandated  by  collections 
policy  for  each  naturally  occurring  taxon, 


make  recommendations  concerning  whether 
the  accession  should  be  added  to  the  collec- 
tions and  whether  existing  plants  not  meet- 
ing our  standards  or  in  poor  condition  should 
be  removed  as  the  new  plants  are  added,  and 
assign  each  individual  a letter  designation 
that  differentiates  it  from  others  of  the  same 
accession  lot.  Embossed  zinc  record  labels  are 
produced  for  each  plant  and  attached  to  it 
while  it  is  still  in  the  nursery.  A record  card 
and  a PSDC  entry  form  are  completed  for 
each,  leaving  only  the  map  location  to  be 
filled  in  once  it  is  determined.  As  planting 
progresses,  individuals  are  added  to  the  maps 
and  their  records  are  annotated  with  planting 
locations  coded  to  the  map  system. 

The  plant  records  office  is  also  responsible 
for  display  labeling  in  the  collections.  In  fact, 
it  is  only  within  the  past  two  decades  that  the 
responsibility  for  maintaining  the  records  has 
been  with  this  office,  and  within  the  past  one 
that  the  files  have  been  housed  here.  Previ- 
ously it  was  the  horticulturist  who  held  prime 
responsibility  for  the  records  system,  and 
what  we  now  know  as  the  plant  records  office 
was  concerned  primarily  with  mapping  and 
labeling  duties.  Display  labels  were  produced 
in-house  until  1985,  many  of  them  by  a mem- 
ber of  the  grounds  staff  during  the  winter  sea- 
son. The  process  by  which  labels  were  made 
was  time  consuming,  involving  applying 
automotive  primer  and  top  coats  on  a custom- 
cut  sheet-metal  plate,  setting  rubber  type  and 
printing  display  information  on  the  label,  and 
using  a final  protective  coat  of  automotive  var- 
nish or  polyurethane.  Display  labels  are  now 
produced  out-of-house  using  the  metalphoto 
process,  in  which  a photographic  negative  is 
printed  on  sensitized  aluminum.  These  labels 
are  more  durable  than  the  earlier  painted  ones, 
since  the  image  and  the  metal  are  fused  in  a 
manner  that  resists  the  cracking,  chipping, 
and  rusting  that  plagued  the  older  labels. 

In  January  of  1949,  Donald  Wyman  com- 
pleted a listing  of  all  taxa  then  represented  in 
the  Arboretum's  collections,  with  their  com- 
mon names  and  natural  range,  to  be  used  as 
a reference  in  preparation  of  display  labels. 
This  enumeration  has  been  expanded  and 
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Mindful  of  the  Past,  Considerate  of  the  Future 


The  Arnold  Arboretum  maintains  substan- 
tial archives  of  documents,  photographs, 
and  objects  to  record  its  history  and  the 
development  of  its  collections.  Of  special 
significance  to  the  verification  project  has 
been  material  pertaining  to  E.  H.  Wilson. 
Wilson,  active  at  the  turn  of  the  century, 
was  the  primary  plant  collector  responsi- 
ble for  the  diversity  of  Asian  species  found 
in  our  living  collections.  A recent  grant 
from  the  Institute  of  Museum  Services, 
supervised  by  S.  Connor,  has  made  this 
material  far  more  accessible  to  the 
curatorial  staff.  We  are  now  able  to  deter- 
mine all  the  living  accessions  that  trace 
to  a Wilson  collection,  regardless  of  their 


current  accession  numbers,  read  his  newly 
transcribed  field  books  for  wild-source 
information  that  had  not  originally  been 
recorded  in  the  plant  records  office  (his 
hand-written  books  are  nearly  indecipher- 
able), and  find  the  associated  photographs 
linked  to  these  plants  and  expeditions. 
Undoubtedly,  some  of  the  materials 
deposited  in  the  archives  were  not  consi- 
dered terribly  important  at  the  time,  but 
fortunately  they  were  saved;  this  has 
allowed  us  to  unravel  and  better  under- 
stand part  of  Wilson's  work.  Archives  are 
a quintessential  element  for  the  curation 
of  collections  that  span  generations  and 
changing  institutional  priorities. 


updated  over  the  years  by  the  records-office 
staff;  since  1979,  we  have  also  used  it  to  record 
family,  author,  and  the  reference  used  to  docu- 
ment the  nomenclature,  as  one  facet  of  an 
attempt  to  centralize  the  information  required 
for  the  effective  curation  of  the  collections  but 
previously  scattered  through  files  maintained 
in  various  offices  or  available  only  through 
library  research. 

The  Role  of  the  Plant  Records  Office  in 
Verification 

In  1979  the  Arboretum  applied  to  the 
National  Science  Foundation  for  funding  that 
would  enable  us  to  begin  a comprehensive 
verification  of  the  collections  and  establish  an 
in-house  computer  system  for  plant  records. 
This  application  was  funded,  and  work  began 
with  the  documentation  of  all  nomenclature 
in  use  in  the  collections.  The  Living  Collec- 
tions Committee  had  established  a policy 
regarding  nomenclature  (see  Arnoldia, 
Volume  39,  Number  6,  1979,  for  a discussion 
of  this  policy  with  regard  to  infraspecific  taxa), 
and  a person  was  hired  to  review  the  collec- 
tion records  and  perform  a literature  search 
to  verify  the  validity  of  each  name,  under  the 


supervision  of  the  plant  records  office.  Some 
names  had  already  been  researched  in  the 
course  of  normal  curation,-  others  required 
extensive  library  work;  still  others  proved 
impossible  to  document.  We  purchased  an 
Onyx  computer  (the  smallest  computer  then 
available  that  would  accommodate  so  large  a 
database)  and  two  terminals,  installed  them 
in  the  plant  records  office  and  at  the  green- 
house, and  established  a connection  between 
them  using  modems.  After  development  of  a 
database  format  using  the  Logix  database  sys- 
tem, input  from  the  existing  records  began. 
Repeated  failures  of  the  Onyx  hardware, 
however,  forced  the  abandonment  of  the  com- 
puter just  as  data  entry  was  completed. 
Although  the  Arboretum  bought  Digital  Rain- 
bow personal  computers  soon  thereafter  for  a 
number  of  applications  including  the  record- 
ing of  accession  information  and  the  main- 
tenance of  nursery  inventories,  they  were  not 
suitable  for  the  full  plant-records  database.  It 
was  not  until  July  of  1986  that  the  generosity 
of  an  anonymous  donor  permitted  us  to  pur- 
chase and  install  a new  computer  system,  and 
we  made  a new  start  on  internal  computeri- 
zation (refer  to  the  article  by  Kerry  S.  Walter 
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in  this  issue).  The  present  verification  project 
was  designed  as  a continuation  of  the  origi- 
nal grant  project,  and  a usable  database  had 
been  anticipated  in  planning  for  it. 

The  unavailability  of  computerized  records 
for  the  verification  project  necessitated 
changes  in  the  way  the  project  proceeded.  The 
project  personnel  worked  with  printouts 
obtained  from  the  Plant  Sciences  Data  Center, 
which  provided  far  less  information  than 
would  have  been  immediately  available 
through  the  computerized  database  and  neces- 
sitated much  cross-checking  to  the  plant- 
records  card  file.  Notations  made  to  the  work- 
ing printout  (concerning,  for  example,  miss- 
ing or  dead  plants,  plants  that  did  not  appear 
on  the  printout  but  were  present  on  the 
grounds,  plants  in  poor  condition,  plants  need- 
ing replacement  labels,  and  plants  whose  map 
locations  needed  adjustment),  as  well  as  iden- 
tity determinations  resulting  from  the  project, 
had  to  be  communicated  to  the  records-office 
staff  for  updates  to  the  records,  instead  of 
being  immediately  incorporated  into  the  data- 
base. This  increased  the  amount  of  labor  on 
the  parts  of  both  verification-project  and 
records-office  staff,  since  notations  had  to  be 
made  in  several  formats  to  various  systems, 
especially  as  computerization  progressed  and 
updates  to  the  database  were  required.  Further 
duplication  of  effort  became  necessary  when 
the  nomenclature  guidelines  established  for 
the  earlier  grant  project  were  discarded,  and 
name  changes  that  had  been  processed  dur- 
ing that  project  had  to  be  processed  again,  but 
in  reverse. 

BG-BASE:  a Long-Awaited  Transformation  in 
Record  Keeping 

For  many  years  there  was  a weak  connection 
between  the  herbarium  and  the  living  collec- 
tions. Although  voucher  specimens  of  plants 
in  the  collections  had  been  made  since  the 
Arboretum's  earliest  days,  it  is  only  in  recent 
years  that  they  have  been  consistently  iden- 
tified by  accession  number.  Taxonomists  on 
the  Arboretum  staff  have  traditionally  con- 
ducted a continuing  review  of  both  herbarium 
specimens  and  living  material,  annotating  the 


living-collections  records  as  well  as  herbarium 
vouchers  with  changes  in  nomenclature. 
When  visiting  taxonomists  annotated 
vouchers,  however,  the  inclusion  of  their 
determinations  in  the  records  of  the  living 
plants  was  not  guaranteed;  often  it  was  not 
until  a staff  taxonomist  discovered  these  her- 
barium annotations  in  the  course  of  his  own 
work  that  living-collections  annotations  were 
made.  Likewise,  changes  in  the  living- 
collections  records  based  on  horticultural 
rather  than  taxonomic  review  were  rarely 
reflected  in  the  herbarium.  Although  nomen- 
clature in  the  living  collections  was  updated 
as  monographs,  checklists,  and  manuals  were 
published,  such  systematic  annotations  were 
seldom  undertaken  in  the  herbarium  collec- 
tions or  in  the  records  of  accessions  no  longer 
represented  by  living  material.  Number 
changes  in  the  living-collections  records  were 
not  related  to  existing  herbarium  specimens, 
making  the  task  of  matching  early  specimens 
to  the  collections  records  or  to  living  material 
of  the  same  lineage  increasingly  difficult. 

In  designing  our  second  computerized  data- 
base, we  were  fortunate  to  have  the  personnel 
for  the  verification  project  already  present. 
This  enabled  us  to  obtain  input  from  the 
verification-project  taxonomist  in  our  efforts 
to  link  the  herbarium  with  the  collection 
records.  Our  previous  experience  with  data- 
base design  also  proved  beneficial  in  our 
cooperation  with  Kerry  Walter  in  the  design 
of  BG-BASE,  since  some  of  the  problems 
inherent  in  the  development  of  a plant-records 
database  had  been  addressed  in  the  earlier 
attempt. 

Entry  of  information  to  BG-BASE  began 
very  early  in  the  system's  development 
because  of  its  design  as  interrelated  modules. 
The  first  entries  made  were  to  the  FAMILIES 
file,  then  to  GENERA,  PSOURCES  (plant 
sources),  and  NAMES  (taxa),  and  finally  to 
ACCESSIONS  and  PLANTS  (individuals 
representative  of  each  accession  lot).  Data 
entry  was  an  involved  process,  necessitating 
repeated  passes  through  the  existing  records 
(one  for  the  sources  from  which  our  plants 
had  come,  another  for  the  taxa  included  in  the 
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collections,  a third  for  accession  information, 
and  a final  one  for  individual  plant  locations 
and  field  notes).  Had  the  database  been  fully 
developed  prior  to  the  beginning  of  data  input, 
these  functions  might  have  been  incorporated 
into  a single  pass  through  the  files,  but  the 
completion  of  data  entry  would  have  been  sig- 
nificantly delayed,  and  the  modification  of 
problem  areas  in  the  database  would  not  have 
been  the  evolutionary  process  that  it  was.  In 
working  with  each  module  of  the  system 
independently  of  the  others,  we  were  able  to 
identify  problems  before  subsequent  modules 
compounded  them,  rendering  them  more 
difficult  to  revise,-  our  weekly  meetings 
provided  a forum  for  discussing  alternatives 
and  additions  to  the  design.  Serving  as  the 
testing  ground  for  the  database  proved  to  be 
a challenging  and  exciting  experience  for  all 
involved. 

The  plant-records  card  file  and  PSDC 
records  have  been  maintained  throughout  the 
process  of  computerization,  serving  their 
original  functions  while  the  database  was 
growing  and  now  providing  a check  on  the 
accuracy  of  the  information  in  the  database. 
Soon  the  card  file  will  be  replaced  by  one 
generated  from  the  computerized  records,  a 
"hard  copy"  reference  to  the  collection  much 
easier  to  interpret  than  the  old  hand- 
annotated  cards.  The  greenhouse  card  file,  as 
well  as  the  annual  accession  book  and  a num- 
ber of  reports  for  curatorial  purposes,  will  like- 
wise be  computer  generated.  We  will  save 
countless  hours  at  the  typewriter  copying 
information  from  one  place  and  one  format 


to  another  (thus  eliminating  the  possibility  of 
errors  in  the  process),  yet  our  curatorial  infor- 
mation will  be  more  comprehensive  than  ever 
before.  We  have  started  to  computerize  the 
Arboretum's  photographic  archives,  allowing 
reference  to  yet  another  of  the  resources  that 
will  aid  in  the  curation  of  the  collections  and 
increase  their  value  for  research  and  public 
education.  The  map  system,  currently  in  the 
early  stages  of  computerization,  will  be 
integrated  with  the  database,  enabling  maps 
to  be  updated  automatically  when  changes  are 
made  to  the  records  and  opening  a range  of 
possibilities  for  special-purpose  maps  gener- 
ated from  a selected  subset  of  the  full  collec- 
tion. Plans  for  future  expansion  of  the  system 
include  public  access  to  the  database  through 
a terminal  at  the  reception  area  and  graphic- 
display  capabilities  to  increase  the  value  of  the 
database  to  the  public. 

When  I joined  the  staff  of  the  Arnold 
Arboretum  in  1976,  we  all  looked  on  the  days 
of  Charles  Sprague  Sargent  as  the  Arboretum's 
"Golden  Age."  We  now  find  ourselves  at  the 
dawn  of  a new  Golden  Age,  with  a compre- 
hensively verified  collection,  access  to  which 
is  enhanced  by  a computerized  system  link- 
ing departments  and  interests  to  make  the  col- 
lection usable  in  ways  that  Professor  Sargent 
could  never  have  imagined. 


Jennifer  Quigley  manages  the  plant  records  office  and 
serves  as  system  administrator  for  the  Arboretum's  com- 
puter network. 


Cartographic  Records  of  the  Living  Collections 

Ethan  W.  Johnson 


The  Arboretum's  new  maps  will  ultimately  interface  with  the  computer 
database,  allowing  extremely  accurate  tracking  of  accessions  on  the  grounds 


The  first  map  documenting  the  placement  of 
trees  planted  in  the  permanent  systematic 
arrangement  was  made  by  Henry  Sargent  Cod- 
man  in  1887.  Only  two  years  before,  Charles 
Sprague  Sargent  and  Frederick  Law  Olmsted 
had  decided  upon  the  final  planting  plan  and 
landscape  design,  and  implementation  had 
begun  in  the  spring  of  1885.  Codman,  a cou- 
sin of  Sargent,  prepared  a series  of  genus  or 
group  maps  on  a scale  of  20  feet  to  the  inch, 
showing  the  actual  position  of  each  tree  with 
the  number  that  appeared  on  its  label.  The 
question  of  preserving  the  identification  of 
every  tree  in  the  collection  in  a more  secure 
manner  than  that  afforded  by  the  labels  used 
in  the  living  collections  was  therefore  resolved 
at  an  early  stage  of  the  Arboretum's 
development. 

The  Second  Wave  of  Survey 

Leon  Croizat,  using  a 150-foot  tape  and  a 
plane  table  equipped  with  an  alidade,  resur- 
veyed the  entire  grounds  between  October  1, 
1937,  and  October  5,  1938.  He  established  a 
grid  system  that  was  aligned  to  conform  with 
the  boundaries  of  the  Arboretum  instead  of 
being  set  on  the  usual  north-south  axis.  The 
standard  maps  were  again  made  at  a scale  of 
20  feet  to  the  inch,  each  representing  an  area 
400  by  600  feet,  but  there  were  still  some  that 
did  not  conform  to  the  grid.  These  maps,  done 
to  show  a specific  genus  or  other  group  of 
plants,  were  made  at  a scale  of  ten  feet  to  the 
inch  (or  sometimes  five  or  even  two  feet  to  the 
inch)  when  the  areas  were  densely  planted. 
From  1938  to  1970,  the  living  collections  were 


field-checked  and  the  maps  traced  and  revised 
by  Heman  Howard.  Howard  field-checked  the 
entire  collection  on  a two-year  cycle  and 
revised  the  maps  on  a six-year  cycle,-  his  efforts 
produced  results  that  were  unparalleled  by  his 
contemporaries.  From  1970  to  1979,  the  map- 
ping duties  fell  in  turn  to  three  separate 
individuals.  Following  the  departure  of 
Donald  Wyman,  horticulturist,  in  1970,  the 
maintenance  of  the  card-file  plant -records  sys- 
tem and  the  responsibility  of  providing 
records  information  to  the  Plant  Sciences 
Data  Center  (see  article  by  Quigley)  became 
part  of  the  duties  of  the  individual  perform- 
ing the  mapping  function.  Field-check  rates 
decreased,  and  the  cycle  of  map  revision  was 
set  at  ten  years.  Since  1979,  the  Arnold 
Arboretum  has  actively  sought  an  alternative 
to  its  antiquated  system  of  maintaining  car- 
tographic records. 

A New  Age 

In  1987  the  Arnold  Arboretum  was  granted 
$25,000  by  the  Institute  of  Museum  Services 
for  the  development  of  a model  computerized 
mapping  system.  The  goal  of  the  project  is  to 
remap  accurately  the  14,500  plants  in  the 
Arboretum  on  a system  that  will  interact  with 
its  plant-records  database  ( BG-BASE ) to 
produce  continuously  up-to-date,  computer- 
generated maps  that  reflect  the  topography  of 
the  Arboretum's  diverse  landscape. 

With  the  help  of  Bradford  Washburn,  then 
the  director  of  Boston's  Museum  of  Science, 
the  Arboretum  contracted  a photogrammetric 
survey  of  the  grounds  by  Swissair  Photo  + Sur- 


62  Mapping 


Our  detailed  inventory  maps  show  every  accession.  Here,  on  the  summit  of  Bussey  Hill,  the  base  map  (right)  shows 
the  major  plantings  and  specifies  which  inset  maps  cover  thickly  planted  areas.  The  aerial  photograph  (above)  is  used 
in  conjunction  with  the  current  maps  and  a computer-linked  digitizing  tablet  to  find  the  true  coordinates  of  every  ac- 
cession distinguishable  on  the  photograph.  The  photographs  will  help  remove  distortions  caused  by  the  irregular  topog- 
raphy. Storing  all  the  information  on  a database  will  allow  us  to  update  and  print  standard  and  specialized  maps  as 
needed.  Photograph  by  Swissair  Photo  + Surveys,  Ltd. 

veys,  Ltd.  (Zurich).  On  a cloudless  day  in 
April,  1979,  the  survey  crew  took  a series  of 
aerial  photographs,  which  were  then  trans- 
formed into  orthographically  corrected  images 
displaying  an  exceptionally  accurate  picture 
of  the  Arnold  Arboretum  at  a scale  of  100  feet 
to  the  inch.  A ground-survey  team  was  hired 
to  complete  the  contours  in  certain  areas  of 
the  Arboretum  that  are  covered  by  an  ever- 
green canopy.  Swissair  provided  the  Arbore- 
tum with  a base  map  of  the  grounds  that 
illustrates  true  north,  contour  lines  at  inter- 
vals of  ten  feet,  physical  features  (roads,  paths, 
walls,  and  buildings),  and  reference  points. 

This  information  was  also  provided  in  elec- 
tronic form  on  floppy  disk  requiring  a format 


conversion  of  the  data  from  Intergraph  to 
AutoCAD,  the  computer-aided  design  soft- 
ware obtained  by  the  Arboretum  for  the  map- 
ping project.  Hardware  purchased  for  the 
project  includes  a Compaq  Deskpro  286  com- 
puter equipped  with  a monochrome  monitor, 
Nth  Engine  Graphics,  an  Intel  80287  math 
coprocessor,  a 24-by-36-inch  Calcomp  9100 
digitizing  tablet,  and  an  NEC  Multisync  II 
monitor  for  color  graphics  display.  A Safe 
Standby  Power  System  was  obtained  as  insur- 
ance against  computer  crashes  due  to  power 
failures. 

An  interface  between  AutoCAD  and  the 
plant-records  database  software  ( Revelation ) is 
being  written  by  Jung/Brannen  Research  and 


Mapping  63 


Development  Corporation  of  Boston.  The 
Arnold  Arboretum  will  construct  a mapping 
system  that  is  interactive  with  BG-BASE, 
wherein  attributes  and  changes  in  the  plant- 
records  database  will  instantly  be  reflected  in 
the  mapping  component  [AutoCAD).  Loca- 
tion data  for  specimens  in  the  aerial  photo- 
graphs is  entered  into  the  graphics  database 
by  taping  a photograph  onto  the  digitizing 
tablet,  calibrating  the  reference  points,  and 
digitizing  the  center  of  each  plant  visible  on 
the  photograph.  The  accession  number  for 
each  specimen  is  entered  at  this  point  by  com- 
paring the  photographs  to  the  existing  hand- 
drawn  maps,  thereby  linking  the  graphics 
database  with  the  plant -records  database.  This 
linkage  will  open  the  door  to  the  production 
of  specialized  maps  based  on  any  number  of 
fields  of  data  stored  in  BG-BASE,  including 


plant  family,  genus,  species,  age,  origin,  and 
collector. 

Great  Expectations 

We  look  forward  to  taking  advantage  of  the 
computerized  mapping  system,  the  benefits 
of  which  will  begin  to  be  realized  when  the 
project  reaches  completion.  Before  we  can 
generate  maps,  though,  we  must  finish  enter- 
ing the  data  for  all  accessioned  plants  on  the 
grounds — a task  scheduled  for  completion  by 
August  31,  1989.  Acquiring  our  own  plotter 
will  greatly  facilitate  map  production  and  will 
eliminate  the  need  for  costly  out-of-house 
services.  Considerably  less  labor  should  be 
necessary  to  keep  the  computerized  carto- 
graphic records  current,  since  we  will  no 
longer  have  to  draft  the  maps  by  hand.  Special- 
ized maps  tailored  to  needs  of  individual  staff 
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members  and  visiting  scientists  will  be 
produced  with  speed,  accuracy,  and  precision. 
Furthermore,  in  the  future  we  expect  that  a 
much  greater  range  of  visitors  will  have  access 
to  the  cartographic  records  that  are  a key  to 
unlocking  the  intricacies  of  the  Arnold 
Arboretum's  living  collections. 


Ethan  W.  Johnson  is  a curatorial  assistant  in  the  plant 
records  office. 


Landscape  Curation:  Maintaining  the  Living 
Collections 

Gary  L.  Roller 


Modern-day  maintenance  at  the  Arboretum  must  respect  history  and 
taxonomy  while  allowing  easy  access  and  unhindered  future  growth  of 
accessions  within  an  Olmsted  landscape 


Design  of  the  Collections 

At  the  Arnold  Arboretum  our  goal  is  to  col- 
lect all  of  the  temperate  woody  plants  that  are 
hardy  in  the  Boston  area.  This  task  becomes 
yet  larger  when  we  impose  upon  it  our  desire 
to  include  three  examples  of  each  plant,  of 
three  different  ages  and  from  three  different 
geographic  locations.  In  essence,  for  each 
taxon  we  wish  to  have  young,  middle-aged, 
and  mature  specimens  that  can  demonstrate 
long-term  changes  in  architecture  and  form 
and  seasonal  alteration  in  chemistry. 

Both  initial  design  and  long-term  main- 
tenance affect  our  ability  to  curate  a collec- 
tion. In  the  past  we  thought  that  everything 
we  planted  needed  to  be  provided  with  both 
the  space  and  the  resources  to  develop  into  a 
specimen  plant.  Later  the  grounds  became 
cluttered  because  we  planted  in  every  availa- 
ble space.  Established  plants  grew  to  enor- 
mous sizes,  obscuring  views,  squeezing  out 
neighboring  accessions,  interfering  with 
access,  and  ultimately  leading  to  the  feeling 
that  certain  areas  were  unsafe  because  of  the 
dark,  hidden  spaces  thus  created  among  the 
plantings. 

At  the  Arboretum  we  try  to  integrate  new 
plantings  within  the  concept  of  the  historic 
planting  scheme.  The  master  plan,  based  on 
late-nineteenth-century  concepts  and 
arranged  according  to  Bentham  and  Hooker's 
system  of  plant  taxonomy,  grouped  plants  by 
genus.  It  attempted  to  accommodate  special- 


ized environmental  needs  of  groups  such  as 
the  willows,  which  were  planted  at  the  edges 
of  a wet  meadow  rather  than  strictly  accord- 
ing to  their  taxonomic  placement.  Today  we 
strive  to  achieve  a compromise  among  con- 


A new  generation  of  Betula  nigra  (center)  ensures  con- 
tinuity for  the  collection  once  the  mature  specimens  (left 
and  right)  decline  and  are  removed.  Acquisition  of  new 
material  and  repropagation  of  existing  plants  are  crucial 
to  the  long-term  stability  of  the  living  collections. 
Repropagation  of  old  plants  is  important  because  it  al- 
lows future  generations  to  study  materials  genetically 
identical  to  those  examined  by  past  and  current  staff  and 
visitors.  Photograph  courtesy  of  Rdcz  and  Debreczy. 
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siderations  of  strict  taxonomic  grouping  (for 
easy  study  and  comparison),  optimal  environ- 
mental conditions,  ease  of  curation  and  main- 
tenance, and  aesthetics.  We  place  the  majority 
of  plants  of  a genus  together  so  that  they  are 
quickly  found,  allowing  easy  comparison  of 
the  different  taxa. 

Trees 

We  always  plant  trees  in  groves,  which  are 
intended  to  be  reminiscent  of  a New  England 
landscape.  For  example,  maples,  lindens,  and 
horse  chestnuts  are  near  one  another.  Over 
time,  these  trees  are  relatively  easy  to  keep 
track  of  since  they  usually  have  one  discrete 
stem  that  can  be  readily  found  using  our 
inventory  system.  If  weed  trees  invade,  they 
are  nearly  always  of  another  taxon  and  do  not 
correspond  to  what  is  shown  on  the  map.  We 
generally  mow  the  grass  around  the  trees  to 
lessen  the  likelihood  of  weed  intrusion. 
However,  hundreds  of  Rhamnus,  Malus,  Phel- 
lodendron,  and  Kalopanax  seedlings  inevita- 
bly appear  in  the  unmown,  uncultivated  space 
beneath  trees.  Many  of  these  weeds  become 
quite  large  before  being  removed,  and  in  some 
cases  they  compete  with  the  crowns  of 
smaller  trees,  eventually  distorting  the  form 
of  the  accessioned  plants. 

Labels  on  the  trees  allow  us  to  check  field 
maps  to  determine  whether  a particular  tree 
should  or  should  not  be  there.  Display  labels 
nailed  to  the  trunk  are  far  more  permanent 
than  record  labels  affixed  to  a branch  with  bell 
wire;  the  latter  are  frequently  lost  during 
maintenance  or  a storm  and  are  easily 
removed  by  small  children  and  vandals.  Visi- 
tors sometimes  find  a stray  label  lying  on  the 
ground  and,  in  an  attempt  to  be  helpful, 
rehang  it  on  the  nearest— but  incorrect — 
plant.  It  may  take  us  years  to  discover  the 
inaccuracy,  even  if  the  error  is  a seemingly 
obvious  one.  Meanwhile,  visitors  (as  well  as 
interns,  volunteers,  and  inexperienced  staff 
members)  are  relying  on  incorrect  infor- 
mation. 

With  any  collection  of  trees,  it  is  important 
to  consider  the  future.  Many  of  the  existing 
trees  at  the  Arnold  Arboretum  are  a century 


or  more  old.  This  is  still  young  for  many  spe- 
cies, but  what  will  their  condition  be  in  50 
years’  In  a collection  with  so  many  trees  of 
the  same  age,  we  need  to  be  careful  that  all 
will  not  enter  a period  of  decline  or  senes- 
cence at  the  same  time  or  become  especially 
vulnerable  in  old  age  to  drought  or  storm 
damage.  For  example,  the  great  storm  that 
struck  the  Royal  Botanic  Gardens  at  Kew  in 
October,  1987,  devastated  large  numbers  of 
trees,  many  of  which  were  hundreds  of  years 
old.  Here  at  the  Arboretum  we  attempt  to  con- 
duct a programmed  yearly  harvest  of  poor- 
quality,  inadequately  documented,  duplicate, 
or  declining  plants,  with  an  emphasis  on 
trees.  This  means  that  the  staff  must  survey 
the  tree  collections  on  a periodic  basis  to 
determine  their  quality  and  to  assess  the  need 
for  maintenance,  repropagation,  and — 
eventually — removal.  Requesting,  coordinat- 
ing, and  monitoring  this  care  are  tedious  and 
time-consuming  tasks  that  have  been  and  will 
continue  to  be  greatly  facilitated  by  our  elec- 
tronic inventory  system. 

We  have  determined  that  it  is  not  cost  effec- 
tive to  maintain  plants  that  are  in  a state  of 
active  decline.  In  the  past  we  have  made 
extraordinary  efforts  to  rescue  declining 
plants,-  this  ended  up  being  a waste  of  time 
and  money  since  we  were  seldom  successful 
in  doing  anything  more  than  prolonging  the 
decline.  In  an  attempt  to  keep  a plant  look- 
ing good  physically,  we  would  prune  out  the 
dead  and  dying  wood,  slowly  dismembering 
the  tree  and  giving  it  an  increasingly 
grotesque  appearance.  Maintaining  plants  that 
are  unattractive  representatives  of  a species 
also  reflects  poorly  on  the  image,  dynamics, 
and  vitality  of  the  institution. 

A garden  staff  must  be  diligent  in  its  review 
of  long-existing  collections  to  assure  that 
health,  vigor,  and  representation  are  being 
maintained.  There  is  a tendency  in  gardens  for 
the  current  staff  to  be  so  caught  up  in  its  own 
discoveries  and  introductions  that  it  neglects 
the  curation  and  care  of  plants  introduced 
earlier  and/or  by  others.  It  is  understandably 
difficult  to  get  excited  about  curating  a 
decrepit,  110-year-old,  wild-collected  Picea 
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A majestic  white  oak,  Quercus  alba,  in  an  early  stage  of  decline.  Rather  than  focusing  on  costly  and  heroic  efforts  to 
save  particular  trees  or  limbs,  crew  efforts  are  directed  to  maintaining  the  overall  health  and  vigor  of  the  collections. 
Photograph  courtesy  of  Racz  and  Debreczy. 
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abies  when  new  species  await  discovery  in 
exotic  far-off  lands.  We  believe  that  the  Arnold 
Arboretum  maintains  a healthy  balance,  ham- 
pered only  by  lack  of  personnel,  between 
acquisition  of  new  material  and  vigorous 
management  of  old. 

Shrubs 

Many  shrubs  are  difficult  to  track  over  time. 
Large  shrubs  with  one  or  more  trunks  are  as 
easily  tracked  as  trees,  but  problems  arise 
from  those  that  form  thickets  or  colonies  by 
means  of  underground  stolons  or  by  rooting 
in  where  branches  touch  the  soil.  When  two 
plants  of  the  same  colonizing  shrub  are 
planted  side  by  side,  it  often  becomes  impos- 
sible to  tell  where  one  ends  and  the  other 
begins.  In  just  a few  years  they  intermix  and 
become  physically  inseparable.  An  example  in 
the  Arboretum's  collection  is  provided  by  the 
Leitneria  swamp,  where  four  separate  acces- 
sions were  planted  years  ago.  Today  they  have 
all  merged,  and  since  it  is  impossible  to  tell 
which  is  which,  they  are  virtually  useless  in 
scientific  research  where  their  provenance  is 
important.  In  another  area  we  planted  various 
species  of  the  genus  Rosa.  These  plants  have 
slowly  sent  up  sucker  growth  or  tip-layered 
into  adjacent  space,  forming  neighboring 
thickets  that  have  penetrated  one  another.  To 
compound  the  problem,  birds  have  eaten  the 
fruits,  and  the  seeds  contained  in  their  drop- 
pings have  resulted  in  unknown  seedlings 
among  the  known  accessions. 

Where  similar  plantings  are  tightly  grouped 
into  a planting  scheme,  an  institution  must 
be  strongly  committed  to  frequent  rounds  of 
field-checking,  marking  weeds  for  removal, 
and  reducing  the  number  of  layers  that  render 
long-term  retrieval  of  specific  individuals 
difficult.  Without  constant  curation  and 
maintenance,  important  collections  quickly 
deteriorate,  becoming  little  more  than  a mass 
of  pretty  flowers  at  bloom  time.  Such  indistin- 
guishable masses  become  candidates  for 
elimination  when  we  need  space  to  add 
properly  documented  plantings.  We  have  often 
lost  important  accessions  in  this  way. 


From  experiences  such  as  these,  we  have 
learned  that  we  must  never  place  plants  of  the 
same  taxon  side  by  side  unless  there  is 
vigorous  annual  maintenance  curation  to 
keep  them  apart  or  some  type  of  in-ground 
barrier  to  maintain  their  separation.  It  is  also 
important  to  insert  marker  or  reference  plants. 
For  example,  in  a bed  of  Philadelphus  this 
might  be  a plant  of  the  same  genus  that  is  dis- 
tinct enough  in  some  attribute  to  be  recogniz- 
able at  all  times  of  the  year,  or  a member  of 
the  genus  Deutzia,  which  is  in  the  same 
family  but  can  be  easily  distinguished. 

During  the  past  several  years  we  have 
acquired  a huge  collection  of  Sorbus  taxa  from 
documented  wild  sources.  To  ensure  that  we 
can  track  individual  plants  efficiently  for 
future  retrieval,  we  are  integrating  them  in  a 
naturalistic  style  with  the  conifer  collection. 
In  this  situation,  the  Sorbus  plants  and  the 
conifers  will  serve  as  markers  for  each  other. 

A current  problem  in  the  shrub  collections 
is  the  overmaturity  of  many  plantings.  Many 


The  Leitneria  swamp  was  originally  planted  with  several 
different  accessions.  The  plants  have  suckered  and  fused 
into  an  indistinguishable  mass  that  accurately  portrays 
the  species  but  is  of  limited  use  when  retrieving  materi- 
al linked  to  the  original  sources  is  important.  Photograph 
courtesy  of  Racz  and  Debreczy. 
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are  100  or  more  years  old.  This  means  that 
they  grow  more  slowly  are  more  prone  to  pest 
and  environmental  problems,  and  are  more 
easily  invaded  by  weeds.  We  are  attempting  to 
redress  this  situation  quickly  by  two  methods. 

With  shrubs  that  are  multiple  stemmed  and 
form  a thicket,  we  cut  the  plant  back  to  soil 
level  in  early  spring,  lift  the  root  system  out 
of  the  ground  with  a backhoe,  and  divide  off 
four  to  six  healthy  layers  near  the  outer 
perimeter  of  the  plant,  much  as  one  would 
divide  a herbaceous  perennial.  The  plants  are 
reaccessioned  and  relabeled  to  reflect  their 
renovation.  They  are  then  planted  in  large  con- 
tainers and  provided  adequate  water,  fertilizer, 
and  time  to  allow  them  to  recover  and  estab- 
lish strong  growth.  Most  plants  lifted  and 
divided  in  the  spring  of  1989  will  be  ready  to 
go  back  into  the  collection  in  the  fall  of  1990. 
We  have  improved  our  methods,  shortened  the 
production  cycle,  reduced  the  mortality  rate, 
restored  health  and  vigor,  and  gained  new 
replanting  opportunities. 

With  single-stemmed  shrubs  or  those  that 
do  not  respond  well  to  division,  we  often  take 
cuttings  or  grafts.  Due  to  the  small  size  of  the 
initial  propagation  material,  this  method  fre- 
quently requires  a production  cycle  of  three 
to  five  years  before  the  resulting  plants  are 
large  enough  to  put  into  the  permanent  col- 
lections. 

Vines 

From  a long-term  identification  standpoint, 
vines  have  been  the  most  problematic  group 
in  the  Arnold  Arboretum.  Planted  along  the 
perimeter  fences  to  screen  them  and  to  pro- 
vide visual  softening  of  the  mechanical 
enclosures,  our  vines  have  grown  enthusiasti- 
cally, climbing  over  neighboring  shrubs  and 
outcompeting  them  for  light.  They  have  clam- 
bered up  into  nearby  trees,  strangling  the 
trunks  and  tangling  with  adjacent  vines. 
Branch  layering  and  spontaneous  seedlings 
have  worsened  the  problem.  When  planted 
near  walkways,  vines  such  as  Wisteria  and 
Actinidia  seem  to  reach  out  and  snag  pedes- 
trians. Keeping  these  rampant  growers  under 


A collection  of  vines  on  a fence  or  wall  becomes  impos- 
sible to  cuiate  once  the  original  planting  becomes  en- 
tangled in  its  own  seedlings  or  is  invaded  by  root-suckers 
and  layered  stems  from  neighboring  plants.  Which  stem 
is  from  which  plant ! Additional  problems  arise  as  the 
birds  introduce  many  other  species  that  obscure  or  over- 
whelm the  original  accession.  Photograph  courtesy  of 
Racz  and  Debreczy. 

control  and  in  bounds  is  a maintenance  chore 
that  is  often  done  infrequently,  ineptly,  or 
incompletely;  as  a result,  tracking  individual 
vine  accessions  has  become  next  to 
impossible. 

The  Arboretum  used  to  have  a vine  trellis, 
which  provided  a more  efficient  system  of 
locating  individual  plants.  Each  kind  of  vine 
was  planted  next  to  a leg  or  an  upright  of  the 
trellis,  which  was  numbered  in  our  mapping 
system.  This  way,  one  could  always  go  back 
to  the  same  numbered  post.  Two  problems 
occurred,  however.  First,  as  birds  sat  on  the 
trellis  eating  fruits  (of  Celastrus,  for  example), 
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they  left  droppings  containing  seeds  of  prac- 
tically every  other  accession  on  the  trellis, 
resulting  in  such  a tangle  that  it  was  practi- 
cally impossible  to  separate  the  intruders 
from  the  desired  plant.  Second,  the  vine  trellis 
became  old  and  structurally  unsound;  legs 
had  rotted  off  and  sections  had  tipped  over. 
During  a landscape  revision  of  the  entire  area, 
we  decided  to  remove  the  collections  from  the 
trellis,  and  at  the  time  we  did  not  have  the 
resources  to  reestablish  a new  trellis  at 
another  location. 

As  we  expand  and  extend  our  vine  collec- 
tions in  the  future,  we  need  to  keep  better 
track  of  what  plants  we  have  and  what  they 
are  doing.  We  believe  that  it  will  be  best  to 
grow  clinging  vines  up  trees  that  will  then 
become  marker  plants  for  them,  and  to  grow 
twisters  and  twiners,  which  we  can  curate  and 
maintain  better,  on  a trellis. 

Propagation 

Management  of  an  existing  collection 
involves  propagating  selected  high-quality 
plants  and  conserving  them  over  the  long 
term.  Plantings  must  be  periodically  surveyed 
to  figure  out  which  plants  to  propagate  and 
when.  We  make  a special  effort  to  determine 
what  material  is  unique  or  historical  and  take 
steps  to  increase  its  population  for  long-term 
safety. 

Reproduction  by  seed  results  in  an 
individual  genetically  different  from  its  par- 
ent or  parents  and  thus  does  not  constitute 
a direct  replacement  of  a specific  individual. 
(Seeds,  especially  those  from  a garden  collec- 
tion, are  genetically  unknown  because  of  open 
pollination.)  Therefore,  most  of  our  replace- 
ment plants  need  to  be  produced  by  vegeta- 
tive methods.  This  requires  an  experienced 
propagation  staff  equipped  with  the  right  facil- 
ities and  resources  to  ensure  success.  When 
a plant,  such  as  a willow  or  an  arborvitae,  can 
be  reproduced  by  cuttings,  we  need  only  deter- 
mine the  appropriate  time  and  technique,- 
with  many  plants,  however,  we  must  resort  to 
layering,  grafting,  tissue  culture,  or  another 
specialized  technique. 


Once  a request  for  propagation  is  made,  our 
methods  of  tracking  the  targeted  individual 
or  individuals  is  still  imperfect.  Collectors 
occasionally  harvest  propagation  materials 
from  the  wrong  mother  plant  because  of  close 
similarity  among  neighboring  plants  or  in- 
exact mapping  coordinates.  Difficulties  can 
also  occur  in  the  propagation  chambers.  It  is 
important  to  pay  close  attention  during  the 
first  potting  because  it  is  easy  to  mix  up  the 
plants  as  they  are  lifted  from  their  propaga- 
tion flats.  This  sometimes  happens  when  cut- 
tings are  grown  in  adjacent  rows  that  are  not 
clearly  separated  from  one  another.  The  cut- 
tings are  removed  and — in  haste,  or  if  our 
attention  is  diverted — confused.  In  a row  of 
several  plants  where  only  the  first  one  is 
labeled,  if  someone  rearranges  them  the  order 
may  be  changed  and  the  plants  mixed  with 
similar  accessions  such  that  none  of  them 
except  those  bearing  labels  can  be  identified 
with  certainty.  To  reduce  the  possibility  of 
such  mix-ups,  we  supply  each  plant  in  a con- 
tainer with  an  accession-number  label  that  is 
inserted  in  the  pot  at  the  time  of  transplant- 
ing or  repotting. 

Propagation  is  not  as  simple  as  making  a 
request  to  have  the  work  done.  We  may  graft 
an  oak  tree  only  to  have  all  the  grafts  fail  or 
the  young  plant  perish  at  transplanting.  We 
therefore  need  to  maintain  the  parent  plant 
for  months  or  years  before  we  can  guarantee 
that  the  specific  genetic  individual  will  sur- 
vive. Unfortunately,  the  slow,  often  obvious 
decline  of  a plant  can  lead  visitors  to  wonder 
why  it  has  not  been  removed  and  replaced  and 
even  to  suspect  that  we  maintain  our  collec- 
tions poorly.  If  we  allowed  ourselves  the  expe- 
diency of  going  to  a nursery  and  purchasing 
replacement  plants,  the  process  would  be 
much  simpler;  we  could  quickly  rip  out  the 
old  plantings  and  install  new  ones.  However, 
since  we  wish  to  preserve  specific  plant  lines, 
old  plants  must  be  retained  until  the  replace- 
ment generation  is  successfully  established. 

In  the  past,  our  lack  of  effective  inventory 
control  in  the  nursery  often  led  to  confusion. 
We  would  repeatedly  repropagate  the  same 
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A General  Schedule  for  the  Grounds  Staff 

January-March:  repairing  equipment  and  preparing  it  for  a new  season,  cleaning  up  major 
problem  areas,  harvesting  poor-quality  trees,  pruning  trees,  chipping  brush,  mulching 
planting  beds,  applying  preemergence  weed  killers,  fertilizing  plantings,  lifting  and  divid- 
ing plants  scheduled  for  rejuvenation. 

April:  planting  for  spring,  mulching  beds,  removing  tree  stumps,  pruning,  mowing. 

May:  completing  spring  plantings,  beautifying  grounds  for  our  primary  visitor  season, 
with  particular  attention  to  the  lilac  collection,  mowing,  and  pest  and  weed  control. 

June-August:  mowing,  pest  and  weed  control,  watering,  routine  pmning,  preparing  beds 
for  fall  plantings,  removing  plants. 

September:  mowing,  pest  and  weed  control,  correcting  problems  in  beds  and  plantings, 
repairing  and  upgrading  poor-quality  lawn  areas. 

October-November:  planting  for  fall,  removing  spontaneous  weeds  at  bases  of  trees  and 
exotic  invaders  in  natural  areas,  fertilizing  selected  plantings,  aerating  lawns,  mowing, 
removing  poor-quality  plants  scheduled  for  harvesting,  mulching  planting  beds,  spray- 
ing young  evergreens  with  an  ugly  mixture  to  prevent  their  theft  for  holiday  greens. 

December:  removing  trees  (especially  evergreens  scheduled  for  recycling  as  Christmas 
greens),  cleaning  up  problem  areas,  mulching  planting  beds. 

Year-round:  surveying  collections  to  determine  needs,  repropagating,  removing  plants  and 
providing  specialized  care,  cleaning  up  trash,  controlling  vandalism,  making  minor 
repairs  associated  with  visitor  wear  and  tear. 


declining  individual  over  successive  years, 
ending  up  with  multiple  replacements  and 
wasting  our  limited  resources.  Modern  elec- 
tronic tracking  has  allowed  us  to  determine 
more  quickly  which  propagation  requests 
have  been  carried  out  in  the  past  year  and 
which  attempts  have  been  successful.  In  addi- 
tion, electronic  file-sorting  allows  us  to  deter- 
mine the  present  condition  of  the  parent 
plant,  find  duplicates  within  our  nursery  hold- 
ings, and  prevent  repeated  plantings  of  the 
same  lineages. 

Adding  Plants  to  the  Permanent  Collections 

Twice  each  year,  in  spring  and  fall,  we  move 
plantings  from  the  nurseries  to  our  permanent 
collections.  A major  task,  this  involves  iden- 
tifying what  is  ready  to  be  planted  out,  review- 


ing each  plant's  records  to  make  sure  that  it 
is  needed,  preparing  labels  and  accession 
information,  finding  a planting  location  suita- 
ble from  both  collections  and  environmental 
standpoints,  digging  and  replanting  the  plants, 
making  sure  that  each  one  is  mapped,  and 
providing  aftercare  including  staking,  pmning, 
and  watering.  The  process  is  cumbersome  and 
labor  intensive  because  we  deal  with  small 
quantities  of  so  many  different  plants. 

We  have  become  efficient  at  producing  large 
numbers  of  plants  new  to  the  collection,  as 
well  as  high-quality  replacement  plants.  At 
the  same  time  the  mortality  rate  associated 
with  transplanting  has  dropped  substantially. 
Such  increased  efficiency  has  created  a logisti- 
cal problem,  however,  for  there  are  too  few 
hands  to  deal  with  this  semiannual  process. 
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As  a result,  plants  have  backed  up  in  the  sys- 
tem, becoming  too  large  for  our  staff  to 
manage  with  available  resources;  they  have 
often  crowded  and  damaged  neighboring 
plants  in  tightly  spaced  rows.  We  have  stream- 
lined the  process  by  growing  the  plants  in  con- 
tainers, but  this  causes  problems  in  inventory 
control.  Although  such  plants  are  more  eas- 
ily shifted  about  in  the  nurseries  to  allow  addi- 
tional growing  space,  they  are  more  difficult 
to  keep  track  of.  Furthermore,  when  plants  of 
the  same  lot  are  separated,  additional  records 
work  is  necessary  in  preparing  for  the 
plantings. 

In  the  past  many  young  replacement  plants 
went  out  without  there  being  a plan  to  remove 
the  parent  plant.  After  a season  or  two  of  over- 
lap, the  parent  plant  should  have  been 
removed  to  make  space  for  others  and  to  sim- 
plify the  collection.  In  a number  of  cases,  the 
removal  request  has  only  been  partially 
implemented.  Sometimes  the  records  and 
mapping  information  have  been  removed  from 
the  files,  but  we  have  forgotten  to  remove  the 
plant;  alternatively,  the  accession  information 
has  sometimes  remained  in  the  active  files 
although  the  plant  has  been  removed. 


The  Changing  Landscape 

Given  117  years  of  planting,  it  is  not  surpris- 
ing that  areas  of  the  Arboretum  have  become 
crowded,  both  physically  and  aesthetically, 
and  that  habitats  in  certain  areas  have 
changed  as  the  young  trees  of  the  late  1800's 
have  become  the  towering  canopy  trees  of 
today.  Regrouping  young  plantings  allows  us 
to  use  shrubs  to  create,  divide,  and  separate 
space  as  was  typical  in  the  Olmsted  land- 
scape. By  integrating  different  taxa,  we  can 
vary  form,  color,  texture,  flowers,  fruits,  and 
autumn  foliage,  allowing  both  separation  of 
easily  confused  taxa  and  long-term  access  to 
individual  accessions.  If  these  steps  are  fol- 
lowed carefully  and  creatively,  they  can  result 
in  more  interesting  year-round  spatial,  visual, 
and  aesthetic  effects,  adding  to  the  gracious 
informality  that  characterizes  the  historical 
landscape  style  of  the  Arnold  Arboretum. 


Gary  L.  Roller  is  managing  horticulturist  at  the  Arnold 
Arboretum,  as  well  as  an  instructor  for  a course  entitled 
"Plants  in  Design"  at  the  Graduate  School  of  Design,  Har- 
vard University. 


CORRECTIONS 

In  the  final  paragraph  of  the  article  "Dr.  Robert  E.  Cook  is  New  Director  of  the  Arnold  Arboretum"  in  the 
Fall  1988  issue  of  Aznoldia  (Volume  48,  Number  4,  page  3),  the  first  sentence  should  read:  "Dr.  Cook's  own 
research  interests  are  in  plant  population  biology  in  general  and  in  the  biology  of  clonal  plants  in  particu- 
lar." The  last  sentence  should  read:  "Dr.  Cook  has  also  been  program  director  of  population  biology  and 
physiological  ecology  at  the  National  Science  Foundation." 

In  the  Fall  1988  article  " 'So  Near  the  Metropolis' — Fynn  Woods,  a Sylvan  Gem  in  an  Urban  Setting,"  by 
Elizabeth  Hope  Cushing,  all  illustrations  except  the  map  on  page  49  were  used  through  the  courtesy  of 
the  Lynn  Historical  Society.  On  page  51,  the  biographical  paragraph  should  read:  "Elizabeth  Hope  Cushing 
is  a Ph  D.  candidate  in  the  American  and  New  England  Studies  Program  at  Boston  University.  She  serves 
as  landscape  historian  for  the  Lynn  Woods  and  High  Rock  projects  of  the  Olmsted  Historic  Landscape  Preser- 
vation Program  (Department  of  Environmental  Management,  Commonwealth  of  Massachusetts)  and  is  the 
author  of  the  project  reports  for  both  parks." 


Past  and  Present  Arboretum  Staff  Involved  with 
the  Renovation,  Records  Computerization,  and 
Verification  of  the  Living  Collections  between 
1978  and  1988 


First  and  foremost  are  the  grounds  crew, 
whose  efforts  keep  the  plant  collections  in 
superb  condition  year-round:  J.  Allen,  V. 
Antonovich,  J.  Bottoms,  L.  Colon,  R. 
Famiglietti,  M.  Gormley,  R.  Green,  M.  Han- 
son, D.  Harris,  A.  Hill,  J.  Kreidermacher,  C. 
Mackey,  A.  MacNeil,  B.  Munch,  R.  Nicholson, 
J.  Nickerson,  T.  O'Leary,  J.  Papargiris,  M.  Shee- 
han, D.  Thompson,  M.  Walkama,  and  P.  Ward. 

Specific  staff  contributions  ranged  widely. 

J.  Alexander,  plant  propagator,  is  substantially 
involved  in  the  computerization  of  the  plant 
records. 

P.  Ashton,  director  of  the  Arnold  Arboretum 
from  1978  to  1987,  originated  the  restoration 
projects.  He  is  the  principal  investigator  for  all 
three  National  Science  Foundation  grants  for 
the  computerization  of  plant  records  and  the 
verification  of  the  living  collections. 

D.  Boufford  is  one  of  the  staff  taxonomists 
who  provided  assistance. 

V.  Burley,  verification-project  typist,  handles 
the  production  of  herbarium  labels  for  the 
project  and  much  of  the  herbarium-based  data 
entry. 

J.  Christianson,  membership  chairman,  over- 
sees visitor  services  and  the  volunteer 
program. 

S.  Connor,  archivist,  assists  in  tracking  source 
information  and  in  locating  old  plans  and  pho- 


tographs,- she  has  emphasized  both  the 
archive's  resources  and  their  function  as  the 
repository  for  modern  records. 

P.  Dalton,  curatorial  associate,  worked  to 
document  plant  nomenclature  during  the  ini- 
tial phase  of  the  verification  project. 

P.  Del  Tredici,  assistant  plant  propagator, 
interacts  with  the  verification  project,  espe- 
cially on  names  that  can  be  interpreted  as  cul- 
tivars  or  forms. 

C.  Dohlman,  archival  trainee  and  volunteer, 
assisted  in  finding  Wilson's  material  and  in 
interpreting  his  handwritten  texts  in  the 
archives. 

S.  Elsik,  curatorial  associate,  is  responsible  for 
the  vouchering  phase  of  the  verification 
project.  She  also  trains  and  supervises  volun- 
teers for  numerous  jobs  performed  in  conjunc- 
tion with  this  project. 

H.  Goodell,  superintendent  of  buildings  and 
grounds,  coordinated  day-to-day  work  activi- 
ties associated  with  maintaining  the  living 
collections. 

S.  Hardy  Brown,  herbarium  technician  and 
former  volunteer,  prepares  herbarium  speci- 
mens at  Jamaica  Plain  and  assists  with  volun- 
teers who  work  in  this  capacity.  Before  she 
assumed  these  duties,  A.  Eisenberg,  H.  Flem- 
ing, and  A.  Sholes  served  as  specimen 
preparers  for  various  periods  in  Jamaica  Plain. 
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I.  Hay,  curatorial  associate,  oversees  the  her- 
barium of  cultivated  plants  in  Jamaica  Plain 
and  the  addition  of  verification-project  speci- 
mens to  this  collection.  She  has  led  many 
teams  of  volunteers  on  their  half-day  collect- 
ing forays. 

E.  Johnson,  curatorial  assistant,  first  worked 
on  the  curatorial  review  of  the  Bussey  Hill  col- 
lections and  then  transferred  to  the  plant 
records  office,  where  his  focus  is  on  mapping, 
labeling,  and  documentation. 

K.  Kane,  archive  assistant,  worked  with  the 
materials  in  the  Wilson  archives. 

A.  Kelly,  typist,  helped  with  the  Wilson 
archives  conservation  project. 

G.  Roller,  managing  horticulturist,  has 
planned,  designed,  and  guided  the  renovation 
of  the  living  collections  since  his  arrival  in 
1976.  Major  accomplishments  are  designing 
and  implementing  the  Bradley  Collection  of 
Rosaceous  Plants,  restoring  the  lilac  plantings 
and  the  Olmsted  path  system,  and  extending 
shrub  plantings  to  Peters  Hill. 

C.  McMurtrie,  volunteer  coordinator,  helped 
recruit  volunteers  during  the  initial  phase  of 
the  project. 

D.  Michener,  research  taxonomist,  is  respon- 
sible for  most  of  the  taxonomic  determina- 
tions in  the  verification  project  and 
coordinates  the  work  with  out-of-house  tax- 
onomists. Involvement  in  computerization  of 
the  records,  grant -writing,  and  organizing  this 
issue  of  Arnoldia  became  allied  functions. 


J.  Quigley,  curatorial  associate,  participated  in 
writing  the  initial  proposal,  designed  our  first 
plant-records  database,  integrated  verification- 
project  data  into  the  records  system,  and  coor- 
dinated our  input  in  the  development  of  BG- 
BASE  and  its  interface  with  computer  map- 
ping functions.  She  serves  as  computer-system 
administrator. 

S.  Spongberg,  research  taxonomist  and  chair- 
man of  the  Living-Collections  Committee,  is 
one  of  the  staff  taxonomists  involved  with 
verification. 

K.  Walter,  director  of  botany  and  information 
systems  at  the  Center  for  Plant  Conservation, 
serves  as  our  primary  consultant  for  the  com- 
puterization of  plant  records  and  is  the 
developer  of  BG-BASE. 

R.  Williams,  superintendent  of  buildings  and 
grounds,  worked  with  the  collections  during 
the  initial  phases  of  the  restoration  work. 

R.  Weaver,  horticultural  taxonomist,  was  one 
of  the  organizers  of  the  initial  proposals  to 
restore  and  verify  the  collections. 

P.  Willoughby,  acting  superintendent  of  build- 
ings and  grounds,  coordinates  the  ongoing 
maintenance  and  care  of  the  living  col- 
lections. 

In  addition,  we  would  like  to  acknowledge  the 
help  of  G.  Carty,  M.  Hill,  R.  Lane,  and  J.  Low, 
short-term  grant-supported  staff  who  have 
functioned  primarily  out  of  the  plant  records 
office. 
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The  Quest  for  the  Perfect  Lilac 


John  H.  Alexander  III 

The  lilac  collection  at  the  Arnold  Arboretum,  newly  replanted,  is  being 
restored  to  its  former  glory. 


In  1926,  shortly  after  the  death  of  C.  S.  Sar- 
gent, the  first  Director  of  the  Arnold  Arbore- 
tum, the  entire  lilac  collection  was  cut  to  the 
ground  in  an  effort  to  rejuvenate  it.  With  few 
blossoms  expected  for  the  spring  of  1927,  Lilac 
Sunday  was  cancelled,  news  that  made  head- 
lines in  the  Boston  papers.  It  is  difficult  to  esti- 
mate how  many  people  visit  the  Arboretum 
on  any  Lilac  Sunday,  but  record  attendance 
may  have  been  achieved  in  1941,  when  on 
May  18  an  estimated  43,000  people  visited. 

This  amount  of  public  attention  inspires 
the  staff  to  pay  close  attention  to  maintenance 
levels  of  the  lilac  collection,  and  a burst  of 
labeling,  pruning  and  primping  takes  place 
every  year  just  before  Lilac  Sunday.  Any 
changes  that  are  made  to  the  lilac  collection 
are  noted  and  commented  on  by  just  about 
everyone. 

Recently,  it  became  evident  that  an  overall 
decline  of  the  collection  had  taken  place  over 
the  last  fifteen  to  twenty  years.  Although  the 
exact  cause  of  the  decline  was  not  obvious,  a 
number  of  factors  contributed  to  it. 

(1)  The  infection  of  the  collection  by 
mycoplasmalike  organisms  (MLO).  These  tiny 
creatures  have  been  found  to  inhabit  the  tis- 
sues of  many  of  the  Arboretum's  specimens 
and  have  seriously  weakened  them  (see  arti- 
cle by  C.  Hibben,  page  8).  While  Syringa 
vulgaris,  the  common  lilac,  displays  no  visi- 
ble symptoms,  other  species  often  exhibit 
witches' -broom  formations  when  infected  by 
MLO.  Unfortunately,  there  is  no  known  cure 
for  this  disease.  Removal  of  infected  plants 
seems  to  be  the  only  recourse. 


(2)  Air  pollution  has  been  implicated  as  the 
cause  of  another  disease,  leaf  roll  necrosis 
(LRN).  When  a plant  is  afflicted,  leaf  margins 
die,  and  leaves  roll  upward  or  downward,  dis- 
figuring the  plant.  Apparently  caused  by  con- 
tinuously high  levels  of  atmospheric 
pollution,  the  symptoms  are  not  obvious  until 
late  summer  or  early  fall,  about  the  same  time 
that  powdery  mildew  appears  on  the  leaves. 
As  in  their  reaction  to  powdery  mildew,  lilac 
cultivars  vary  in  their  susceptibility  to  air  pol- 
lution injury. 

(3)  Powdery  mildew  infection  is  not  a new 
problem  for  lilac  growers,  nor  is  it  a problem 
about  which  all  lilac  enthusiasts  have  to 
worry.  It  is  a fungus  which  grows  on  the  sur- 
face of  as  well  as  inside  the  lilac  leaves,  feed- 
ing on  the  stored  sugars.  It  thrives  in  humid 
coastal  climates  such  as  Boston,  and  is  a pest 
that  most  experts  suggest  gardeners  simply 
ignore.  Lilacs  are  spring,  and  mildew  is  fall. 
It  does  very  little  damage  to  the  plants  since 
the  leaves  are  close  to  dropping  anyway.  Even 
if  the  damage  it  does  is  negligible,  powdery 
mildew  is  unsightly,  and  many  gardeners 
would  love  to  be  able  to  control  it.  Given  the 
fact  that  some  cultivars  are  much  more  sus- 
ceptible to  powdery  mildew  than  others,  why 
not  grow  those  with  the  best  floral  display  and 
the  least  mildew?  This  is  not  a novel  idea,-  sur- 
veys of  lilac  mildew  have  been  conducted  at 
least  since  the  1930's  when  I.  H.  Crowell  sur- 
veyed the  Arnold's  collections  and  rated  speci- 
mens for  their  susceptibility  to  mildew. 

(4)  In  an  attempt  to  improve  maintenance 
by  reducing  the  growth  of  weeds  in  the  lilac 
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The  Arnold  Arboretum  lilac  collection,  May  23,  1908.  Photo  by  T.  E.  Mayr  from  the  Arnold  Arboretum  Archives. 


collection,  herbicides  have  been  used.  Major 
injury  to  the  collection  occurred  about  twenty 
years  ago  with  applications  of  the  then  new 
herbicide  Casoron®,  and  the  plants  were  very 
slow  to  regain  their  vigor. 

(5)  Mechanical  injury  to  lilacs  often  occurs 
when  the  grass  is  trimmed  too  close  to  the 
stems  with  a monofilament  string  trimmer  or, 
more  obviously,  with  a lawn  mower.  The  lilac 
collection  is  located  on  a hillside,  parts  of 
which  are  quite  steep,  and  even  when 
machines  are  operated  with  great  care,  they 
occasionally  slide  sideways  a few  inches,  or 
a few  feet,  bumping  and  abrading  the  older 
lilac  stems  and  shearing  the  younger  stems 
that  staff  members  would  have  encouraged  in 
order  to  rejuvenate  older  specimens. 


(6)  Aging  too  must  be  considered  as  a fac- 
tor in  the  decline  of  the  collection  since  more 
than  150  plants  are  beyond  the  age  of  50,  and 
36  of  them  were  planted  before  the  turn  of  the 
century. 

With  all  these  factors  contributing  to  the 
decline  of  the  collection,  the  staff  felt  that  the 
lilac  display  could  be  greatly  improved  sim- 
ply by  reducing  the  stresses.  Coupled  with 
cultural  techniques,  judicious  selection  of 
superior  cultivars  would  yield  a vastly 
improved  lilac  collection  — lilacs  for  a new 
century. 

Displaying  the  Collection 

The  Arnold  Arboretum,  Highland  Park 
(Rochester,  New  York),  and  the  Royal  Botani- 
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cal  Gardens  (Hamilton,  Ontario,  Canada)  have 
the  major  lilac  collections  of  the  Northeast. 
In  each  of  these  three  gardens,  most  of  the 
lilacs  are  displayed  as  single  specimens.  Each 
plant  is  placed  within  a lawn  spaced  some  dis- 
tance from  its  neighbors,  and  each  plant  is 
seen  as  a distinct  entity.  At  both  Highland 
Park  and  Royal  Botanical  Gardens,  the  soil 
immediately  adjacent  to  the  plant  is  culti- 
vated, while  at  the  Arnold,  the  turf  is  allowed 
to  grow  up  to  the  stems.  Both  methods 
produce  maintenance  problems — proper  lawn 
trimming  and  cultivating  endanger  the  plants. 
Both  types  of  planting  also  allow  visitors  to 
walk  up  close  to  the  plants  and  enjoy  their 
fragrance,  but  this  results  in  compaction  of 
the  soil.  Best  serving  the  public,  but  not  the 
plants,  these  types  of  displays  are  common  to 
most  public  gardens. 

The  first  deviation  from  standard  public 
garden  specimen  planting  that  this  author  saw 
was  at  the  Niagara  Parks  Commission  School 
of  Horticulture,  Niagara  Falls,  Ontario.  There 
lilacs  are  planted  in  beds  . . . and  underplanted 
with  ground  covers  and  bulbs! 

The  Niagara  Parks  School  had  demon- 
strated a way  to  keep  mowers  and  feet  at  bay: 
mowers  could  be  run  right  to  the  edge  of  the 
ground  cover,  clearly  defining  the  bed,  mak- 
ing a neat  appearance,  and  requiring  only  a 
minimum  of  effort.  With  a power  mower,  one 
circuit  of  a bed  that  contains  ten  or  twenty 
plants  is  so  much  less  exacting  and  less  time- 
consuming,  and  at  the  same  time  is  less 
hazardous  for  plants,  than  the  traditional 
method.  The  Arnold  staff  agreed  that  its  new 
approach  to  planting  lilacs  at  the  Arnold 
Arboretum  should  include  planting  in  beds. 

The  design  of  these  new  beds  was  carried 
out  by  Gary  Roller,  Managing  Horticulturist. 
We  agreed  that  groups  of  each  cultivar  would 
be  more  appealing,  from  a landscape  view- 
point, than  single  specimens.  Beds  have  been 
kept  narrow  enough  so  that  each  cultivar 
grouping  has  at  least  one  plant  that  is  near  an 
outside  edge  of  the  bed,  close  enough  for  visi- 
tors to  study  and  sniff.  Underplantings  are  of 
Pachysandra  terminalis  'Green  Carpet', 
Dicentra  spectabilis  (bleeding  heart)  and 
Endymion  hispanicus  (Spanish  bluebell). 


The  lilac  collection  in  August  1988,  the  second  year 
after  replanting.  Photo  by  Istvan  Racz. 


Initially  we  toyed  with  the  idea  of  planting 
whole  beds  of  white  (or  purple  or  blue)  lilacs, 
each  one  different,  thereby  settling  once  and 
for  all  which  is  the  best  cultivar  of  a given 
color.  This  concept,  not  visually  interesting 
and  a nightmare  when  it  comes  to  maintain- 
ing the  identity  of  each  individual  cultivar, 
was  rejected.  The  scheme  finally  chosen  has, 
in  large  part,  grouped  the  plants  according  to 
their  origin.  There  is  one  bed  for  plants 
introduced  by  the  famous  French  nursery 
family  Lemoine.  Another  bed  features  the 
introductions  of  the  Canadian  hybridizer  F.  L. 
Skinner,  and  a third  the  plants  produced  by 
the  Russian  L.  A.  Kolesnikov.  Examples  of 
seedling  variation  within  the  species  Syringa 
patula  are  planted  together  in  one  bed,  and  the 
"New  England"  bed  features  those  cultivars 
that  we  consider  best  for  this  climate.  Other 
themes  are  being  planned  for  the  future,  since 
there  are  many  more  lilacs  left  to  plant. 

The  next  task  was  to  select  the  specific  cul- 
tivars for  inclusion  in  these  groups.  For  exam- 
ple, of  the  over  200  cultivars  that  the 
Lemoines  introduced,  which  twenty  or  thirty 
are  their  best?  The  choices  were  not  entirely 
subjective,  although  one  could  not  call  them 
scientific.  What,  after  all,  constitutes  the  best? 
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These  choices  were  left  to  the  author,  who  for 
over  ten  years  has  annually  surveyed  the 
Arnold's  lilac  collection  and  recorded  symp- 
toms of  powdery  mildew  and  leaf  roll  necro- 
sis. All  of  this  data  has  been  entered  into  a 
computer  through  the  efforts  of  Arboretum 
volunteer  Dr.  Richard  W.  Dwight. 

Obviously,  the  best  lilacs  should  not  be  dis- 
figured by  powdery  mildew  or  leaf  roll  necro- 
sis, but  because  most  lilacs  are  susceptible  to 
these  problems,  some  level  of  infection  must 
be  tolerated — preferably  at  a level  that  is  not 
too  noticeable  in  the  landscape. 

Proper  evaluation  of  lilacs  cannot  be  done 
solely  in  the  fall.  Good  foliage  is  desirable,  but 
no  one  grows  lilacs  for  their  foliage  display. 
In  terms  of  flowers,  are  more  blossoms  better, 
or  are  bigger  blossoms  better?  In  a landscape 


display,  the  overall  abundance  of  bloom  is  very 
important,  but  near  pathways,  large  flowers 
and  inflorescences  may  be  most  attractive.  A 
good  display  combines  plants  with  both 
attributes. 

Beauty  is  in  the  eye  of  the  beholder  ...  in 
the  eye,  and  perhaps  in  the  nose  as  well,  for 
fragrance  is  a major  component  of  lilac 
beauty.  Yet  we  have  not  felt  that  it  was  neces- 
sary to  consider  fragrance  when  choosing 
plants  for  the  lilac  beds  because  at  lilac  time, 
their  fragrance  so  permeates  the  air  that  one 
is  aware  of  their  scent  even  at  a distance. 
There  are  some  cultivars  (often  those  with 
white  flowers)  with  little  or  no  fragrance, 
while  others  are  extraordinarily  fragrant.  Seek- 
ing out  the  latter  is  for  many  visitors  a most 
important  part  of  experiencing  the  collection. 


Syringa  reticulata,  Arnold  Arboretum  #1111,  started  from  seed  in  1876.  This  is  the  oldest  lilac  in  the  collection. 
Photo  from  the  Arnold  Arboretum  Archives. 
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To  check  for  fragrance  I,  along  with  two  volun- 
teers who  claimed  to  be  very  sensitive  to 
fragrance,  walked  through  the  collection 
independently  sniffing  and  rating  the  plants. 
We  became  more  confident  in  the  rating  sys- 
tem when  we  came  to  the  same  cultivar  in  a 
different  location  and  found  that  our  ratings 
were  the  same  or  very  nearly  so. 

To  determine  which  lilacs  were  the  best,  it 
became  necessary  to  define  the  perfect  lilac. 
Once  perfection  was  defined,  deviations  from 
and  permutations  of  perfection  could  be  exa- 
mined more  objectively.  Still,  the  definition 
itself  was  subjective.  For  the  sake  of  argument, 
let  us  propose  that  the  perfect  lilac  should: 

— be  highly  fragrant 

— be  resistant  to  mildew  and  leaf  roll 
necrosis 

— have  flowers  at  eye  (and  nose)  level — not 
too  high  for  comfortable  viewing 

— have  many  inflorescences,  displayed  from 
top  to  bottom 

— have  new  growth  that  doesn't  obscure  the 
flowers 

— produce  enough  suckers  to  replace  old  or 
injured  stems  but  no  more. 

Ideally,  for  every  flower  color,  every  season 
of  bloom,  and  every  single  or  double  form,  a 
gardener  should  be  able  to  find  a perfect  lilac 
to  meet  the  requirements  listed  above.  For  the 
home  garden,  where  available  space  may  be 
more  limited,  one  may  wish  to  select  culti- 
vars  with  a high  degree  of  fragrance  and  dis- 
ease resistance,  as  well  as  ones  that  are 
visually  attractive.  A list  of  what  I have 
observed  to  be,  at  present,  the  "best  fifty"  is 
provided  on  page  7.  I qualify  this  statement 
with  "at  present"  because  as  better  plants 
become  known,  the  list  will  change. 

Of  course,  the  "perfect"  lilac  may  exist  only 
on  these  pages,  yet  as  more  beds  are  planted 
and  better  cultivars  are  added,  the  distance 
between  reality  and  perfection  is  diminished. 


Close-up  of  the  flowers  of  Syrrnga  vulgaris.  Photo  from 
the  Arnold  Arboretum  Archives. 
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Fifty  of  the  Best  Lilacs  for  the  Gardens  of  New  England 

Selected  by  John  H.  Alexander  III 


Cultivar 

Flower  Type 

VIOLET  BLOSSOMS 

Henri  Robert 

Double 

Louvois  & 

Single 

Mieczta 

Single 

"BLUE"  BLOSSOMS 

Dr.  Chadwick  & 

Single 

Laurentian  ❖ w 

Single 

Maurice  Barres 

Single 

Madame  Charles  Souchet 

Single 

President  Lincoln  ♦> 

Single 

PURPLE  BLOSSOMS 

Adelaide  Dunbar  ❖ 

Double 

Paul  Hariot 

Double 

President  Roosevelt  ♦> 

Single 

Sarah  Sands 

Single 

Sensation 

Single 

Zulu 

Single 

MAGENTA  BLOSSOMS 

Charles  Joly  ❖ 

Double 

Glory 

Single 

Mme.  F.  Morel 

Single 

Paul  Thirion 

Double 

Ruhm  von  Horstenstein  ❖ 

Single 

"YELLOW"  BLOSSOMS 

Primrose 

Single 

"PINK"  BLOSSOMS 

Catinat  ❖ $8 

Single 

Charm 

Single 

Churchill  # 

Single 

General  Sherman  ❖ 

Single 

Katherine  Havemeyer  ❖ 

Double 

Lucie  Baltet 

Single 

Mme.  Antoine  Buchner 

Double 

Scotia  # 

Single 

Vauban 

Double 

Virginite 

Double 

WHITE  BLOSSOMS 

Jan  Van  Tol 

Single 

Jeanne  d'Arc 

Double 

Joan  Dunbar 

Double 

Krasavitsa  Moslcvy 

Double 

Marie  Legraye 

Single 

Maude  Notcutt 

Single 

Cultivar 

Flower  Type 

Miss  Ellen  Willmott 

Double 

Mme.  Lemoine 

Double 

Saint  Margaret 

Double 

Sister  Justena  # 

Single 

LILAC  BLOSSOMS 

Alphonse  Lavallee 

Double 

Assessippi 

Single 

Excel  ❖ 

Single 

Hippolyte  Maringer 

Double 

Hugo  Koster 

Single 

Hyazinthenflieder 

Single 

Michel  Buchner 

Double 

Nokomis  # 

Single 

❖ indicates  a high  degree  of  fragrance 

# indicates  an  early-blooming  hybrid 

Recommended  plants  were  selected  based  on  their 
overall  landscape  and  floral  qualities,  including 
their  resistance  to  the  foliar  diseases,  leaf  roll  necro- 
sis and  powdery  mildew.  Jack  Alexander  was 
assisted  in  the  foliar  disease  research  by  Richard 
Dwight  M.D.,  and  in  the  fragrance  project  by 
Michelle  Kramer  and  Ellen  McFarland. 


TEN  FAVORITE  UNCOMMON  LILACS 

The  "best  fifty"  list  includes  only  cultivars  of 
Syringa  vulgaris  and  the  early-flowering  S.  x hya- 
cinthiflora  because  they  have  the  general  appear- 
ance of  the  traditional  or  common  lilac.  Hybrids 
and  selections  of  the  species  listed  below  have 
leaves,  flowers  and  fragrance  that  are  different,  and 
offer  adventurous  gardeners  the  opportunity  to 
break  with  tradition. 

Syringa  laciniata 
S.  meyeri 
S.  meyeri  'Palibin' 

S.  microphylla  'Superba' 

S.  patula  'Miss  Kim' 

S.  pekinensis 

S.  x prestoniae  'Agnes  Smith' 

S.  x prestoniae  'Miss  Canada' 

S.  pubescens 
S.  reticulata 


Mycoplasmal  Pathogens:  New  Causes  for 
Old  Diseases 

C.  R.  Hibben 


Microorganisms  residing  in  the  phloem  of  plants  induce  growth 
abnormalities  harmful  to  their  hosts,  including  lilacs  and  ashes. 


The  year  1967  began  a new  era  for  plant 
pathology,  as  Japanese  researchers  reported  the 
discovery  of  pathogens  heretofore  unknown  in 
plants.  These  were  called  mycoplasmalike 
organisms,  or  MLO.  Several  diseases  thought 
to  be  caused  by  viruses  were  subsequently 
reexamined,  and  MLO  were  identified  as  the 
true  causal  agents.  The  significance  of  this 
discovery  is  shown  by  the  wide  host  range  of 
MLO:  700  herbaceous  and  woody  plants  in 
424  genera  within  99  families.  These  patho- 
gens are  responsible  for  diseases  of  many  eco- 
nomically important  vegetable,  ornamental, 
forest,  and  plantation  crops  from  cool  temper- 
ate to  tropical  regions.  The  well-known  trium- 
virate of  fungal,  bacterial,  and  viral  pathogens 
of  plants  has  now  been  joined  by  a prominent 
new  member,  the  MLO. 

As  an  introduction  to  this  unique  group  of 
microorganisms,  this  report  will  cover  the 
nature  of  MLO,  how  woody  plants  react  to 
them,  and  recent  research  on  their  impact  on 
two  genera  in  the  family  Oleaceae,  Syringa 
(lilacs)  and  Fraxinus  (ashes). 

Definition  and  Detection 

In  simple  terms,  MLO  are  single-celled,  non- 
motile  organisms  somewhat  smaller  than  bac- 
teria. They  are  the  smallest  known  living 
cells.  More  technically,  they  are  wall-less 
prokaryotes,  consisting  of  an  elastic,  triple- 
layered membrane  enclosing  cytoplasm  that 
contains  ribosomes  and  strands  of  DNA. 


MLO  are  variably  shaped,  assuming  spherical, 
beaded,  filamentous,  or  yeast-like  appear- 
ances. Most  MLO  are  smaller  than  one 
micron  (one  millionth  of  a meter).  Like  bac- 
teria, they  appear  to  divide  by  a cleavage 
process,  but  their  reproduction  is  not  well 
understood  at  this  point. 

As  plant  pathogens,  MLO  occur  only  in  the 
phloem  sieve  tube  elements  of  leaves,  shoots, 
and  roots.  Their  direct  study  in  the  phloem 
has  been  by  electron  microscopy,  but  a fluores- 
cence test  for  MLO  has  simplified  the  proc- 
ess of  infection  diagnosis.  In  this  test,  the 
chemical  DAPI  (4'6-diamidino-2-phenylin- 
dole*2HCl)  binds  to  mycoplasmal  DNA  and 
fluoresces  when  exposed  to  ultraviolet  radia- 
tion. Thin  sections  of  infected  plants  stained 
with  DAPI  can  then  be  examined  with  a 
fluorescence  microscope.  In  the  early  work 
with  plant  MLO,  the  fact  that  remission  of 
symptoms  could  be  induced  by  the  injection 
of  tetracycline  antibiotics,  but  not  by  penicil- 
lin, was  considered  prima  facie  evidence  for 
mycoplasmal  infection. 

All  attempts  to  achieve  sustained  growth  of 
plant  pathogenic  MLO  outside  of  their  hosts 
have  failed.  This  inability  to  grow  MLO  in 
artificial  culture  continues  to  be  a limiting 
factor  to  characterizing  them  more  com- 
pletely. One  direct  consequence  of  this 
difficulty  is  the  use  of  the  cumbersome  term 
"mycoplasmalike."  Recently,  some  progress 
has  been  made  investigating  serological  rela- 
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Figure  1.  Mycoplasmalike  organisms  (arrow)  in  phloem  sieve  tube  cells  from  a leaf  midrib  of  infected  lilac. 


tionships  among  plant  MLO  utilizing  par- 
tially purified  MLO  as  immunogens. 
Perfection  of  these  serological  techniques 
would  allow  rapid  advances  in  research. 

Plant  Reactions 

Mycoplasmal  pathogens  can  induce  reduc- 
tion and  stimulation  of  growth  in  their  hosts 
simultaneously.  Growth  reduction  is 
expressed  as  stunted  and  misshapen  leaves 
and  floral  parts,  shortened  internodes,  and 
decreased  annual  ring  width.  At  the  same 
time,  growth  is  initiated  from  axillary  and  ter- 
minal buds  that  normally  would  have 
remained  dormant  until  the  following  season, 
and  from  adventitious  buds  in  older  wood. 
Witches ’-brooms  (dense  clusters  of  stunted 
twigs)  are  the  most  dramatic  manifestation  of 
this  abnormal  growth. 


Infection  also  causes  abnormalities  in 
flower  development,  including  greening,  the 
production  of  leaflike  parts,  gigantism,  steril- 
ity, and  ultimately,  total  inhibition.  Fruit  of 
poor  quality  is  produced,  or  fruiting  ceases 
altogether.  Yellowing  and  premature  autumn 
coloration  of  foliage  occur  in  some  hosts. 
Long-term  disease  expression  in  woody  plants 
ranges  from  yearly  chronic  symptoms  to  mor- 
tality within  months  of  infection.  In  some 
cases,  infected  plants  can  be  free  of  any  obvi- 
ous symptoms. 

The  physiological  modes  of  action  by  which 
MLO  affect  plants  are  not  well  understood. 
Phloem  degeneration  occurs,  and  a disruption 
of  phloem  function  can  be  inferred  by  abnor- 
mal accumulations  of  starch  in  the  leaves  of 
infected  plants.  Stunting  symptoms  suggest 
inadequate  movement  of  photosynthates  to 
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Figure  2.  Hedgerow  of  white  ash  in  southeastern  New 
York  State,  where  ash  dieback  has  been  severe  since 
the  1950’s.  Most  of  these  trees  are  now  dead. 


growing  points.  Photographs  of  phloem  sieve 
tube  elements  filled  with  MLO  suggest  a 
blockage  in  the  downward  transport  of 
starches  and  sugars,  as  well  as  the  diversion 
of  these  photosynthates  to  the  growth  of  the 
pathogen.  The  loss  of  apical  dominance  and 
the  flower  abnormalities  in  infected  plants  are 
obvious  indicators  of  a basic  hormonal 
imbalance. 

In  addition  to  the  direct  effects  of  MLO  on 
their  host,  there  is  evidence  that  MLO- 
infected  woody  plants  are  predisposed  to 
injury  from  non-biological  stresses,  such  as 
low  winter  temperatures.  We  have  observed 
the  death  of  MLO-infected  lilacs  following  a 
severe  winter  (Hibben  et  al.,  1986),  and  others 
have  noted  subnormal  cold  hardiness  in  ash 
trees  infected  with  MLO  (Matteoni  and  Sin- 
clair, 1985). 


Transmission  and  Control 

One  difficulty  in  achieving  control  of 
mycoplasmal  pathogens  is  that  they  are  eas- 
ily spread.  MLO  are  transmitted  from  plant 
to  plant  by  phloem-feeding  insects,  such  as 
leafhoppers,  spittle  bugs,  and  psyllids.  The 
wide  host  range  of  these  pathogens  in  woody 
and  herbaceous  plants  makes  the  acquisition 
and  spread  of  MLO  by  insect  vectors  more 
likely.  Vegetative  propagation  materials  such 
as  cuttings,  grafting  scions  and  stocks,  and 
shoot  tips  for  micro-propagation  can  readily 
carry  MLO.  While  plant  tissue  cultures  are 
known  to  sustain  MLO,  their  survival  depends 
on  the  rapid  differentiation  of  new  phloem  by 
the  explant.  Mycoplasmal  pathogens  are  not 
seed-transmitted. 

Practical  control  measures  are  essentially 
limited  to  exclusion  of  the  pathogen  by  the 
use  of  disease-free  stock  or  by  roguing  infected 
plants  out  of  the  ground.  Injecting  trees  with 
tetracycline  antibiotics  results  in  a temporary 
remission  of  symptoms  in  some  hosts,  but 
these  treatments  are  not  curative.  Some  meas- 
ure of  control  of  insect  vectors  is  possible  with 
insecticides,  but  excluding  all  vectors  from 
susceptible  plants  is  unlikely  and  impractical. 

Impact  on  TWo  Woody  Hosts 

Two  prominent  members  of  the  olive  family 
(Oleaceae)  appear  to  be  favored  hosts  of  MLO: 
Fraxinus  and  Syringa.  From  recent  research, 
some  of  it  conducted  in  the  ash  and  lilac 
plantings  at  the  Arnold  Arboretum,  we  have 
learned  that  ash  yellows  and  lilac  witches’- 
broom  are  mycoplasmal  diseases  of  some 
importance. 

Ash  dieback,  characterized  by  a gradual 
dying  back  of  the  branches  and  eventual  tree 
mortality,  has  been  a major  problem  in  the 
northeast  since  the  late  1950's.  White  ash 
(. Fraxinus  americana ) and  green  ash  [F.  penn- 
sylvanica ) have  been  affected  in  woodlands, 
roadsides,  and  home  sites.  Drought  and 
canker  fungi  were  initially  implicated  as 
causal  factors,  but  in  1970,  MLO  were  identi- 
fied in  witches'-brooms  associated  with  ash 
in  advanced  stages  of  decline  (Hibben  and 
Wolanski,  1971).  Cornell  researchers,  making 
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Figure  3.  Abnormal  branch  growth  in  white  ash  (right)  is  one  consequence  of  infection  by  mycoplasmalike 
organisms.  Healthy  ash  on  the  left. 


use  of  the  DAPI  fluorescence  test,  discovered 
that  mycoplasmal  infection  is  widespread  in 
ash,  even  in  trees  without  witches' -brooms 
(Matteoni  and  Sinclair,  1985).  The  disease  was 
named  ash  yellows.  There  is  now  convincing 
evidence  that  ash  yellows  is  the  primary  cause 
of  ash  dieback  in  undisturbed  sites  where  ash 
should  be  healthy.  Ash  yellows  has  been 
reported  in  several  northeastern  and  mid- 
western  states,  and  in  southeastern  Canada. 

The  host  range  of  MLO  in  Fraxinus  is 
greater  than  first  realized.  MLO  have  been 
detected  in  blue  ash  ( F.  quadrangulata)  and 
black  ash  [F.  nigra ) (Sinclair,  1987).  During  a 
survey  of  ash  in  the  Arnold  Arboretum,  we 
identified  MLO  in  ten  additional  species  of 
Fraxinus  susceptible  to  MLO  (Hibben  and 
Franzen,  1987).  These  findings  were  especially 


interesting  because  the  infected  ash  trees  were 
adjacent  to  the  lilac  collection  which  con- 
tained numerous  specimens  with  the 
witches'-broom  disease.  This  provided  circum- 
stantial evidence  that  the  mycoplasmal  dis- 
eases of  ash  and  lilacs  may  be  caused  by  the 
same  or  related  strains  of  MLO. 

In  support  of  this  hypothesis,  we  were  able 
to  transmit  MLO  from  infected  ash  to  healthy 
lilacs,  and  from  infected  lilacs  to  healthy  ash 
using  the  parasitic  plant,  dodder  ( Cuscuta 
subinclusa ),  as  a carrier.  The  ability  of  the 
same  MLO  pathogen  to  infect  more  than  one 
host  would  increase  the  likelihood  of  disease 
spread  by  insects,  and  make  control  strategies 
more  difficult. 

Lilac  witches'-broom  was  first  reported  in 
1951,  and  the  cause  was  presumed  to  be  a 
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virus.  In  1986,  we  identified  MLO,  rather  than 
a vims,  as  the  true  cause  of  the  disease  in 
Synnga  x josiflexa,  S.  x prestoniae,  S.  swegin- 
zowii,  S.  villosa  x sweginzowii,  S.  josikaea, 
and  S.  x persica.  The  more  widely  grown  S. 
vulgaris  cultivars,  including  most  of  the 
Lemoine  or  French  hybrids,  never  showed 
these  symptoms,  even  when  interplanted  with 
infected  lilacs  (Hibben  et  ah,  1986). 

After  further  inspection  of  lilac  collections 
in  the  eastern  United  States  and  Canada,  we 
found  that  S.  vulgaris  cultivars  are  suscepti- 
ble to,  but  more  tolerant  of,  infection  than 
non -vulgaris  lilacs.  Diagnostic  symptoms  in 
S.  vulgaris  consisted  of  premature  growth 
from  current-year  buds,  growth  from  adventi- 
tious buds  in  older  wood,  and  sometimes 
stunted  twigs  in  bizarre  zigzag  growth  pat- 
terns. Occasionally,  MLO  were  detected  in 
healthy  looking  lilacs.  Witches' -brooms  and 
severe  dieback  were  not  associated  with 
infected  S.vulgaris. 


Figure  4.  Witches’ -brooms  are  dramatic  symptoms  of 
woody  plants  infected  by  mycoplasmal  pathogens. 
This  is  the  lilac  cultivar  ‘Royalty’. 


Figure  5.  Stunted,  bunchy  twig  growth  and  scattered 
twig  dieback  are  additional  symptoms  of  woody 
plants  infected  by  mycoplasmalike  organisms.  This 
is  the  lilac  cultivar  ‘Royalty’. 

A compilation  of  lilac  taxa  in  which  the 
witches'-broom  disease  has  been  identified 
(Table  1)  shows  that  the  late-blooming  lilacs 
are  especially  susceptible,  particularly  those 
with  a josikaea  or  villosa  lineage.  Mycoplas- 
mal infection  has  not  been  detected  in  any  of 
the  early-blooming  S.  x hyacinthiflora  culti- 
vars. However,  more  research  is  necessary 
before  lilacs  resistant  to  MLO  can  be  recom- 
mended with  confidence. 

When  the  diseases  of  ash  and  lilac  are  com- 
pared, MLO  are  more  lethal  in  ash,  whereas 
reduced  aesthetic  value  is  usually  the  conse- 
quence of  infection  in  lilacs.  MLO  may 
become  a greater  threat  to  lilacs  in  the  future 
as  their  propagation  by  tissue  culture  becomes 
increasingly  common.  Contamination  of  lilac 
explants  by  MLO  will  have  to  be  carefully 
monitored  in  order  to  assure  the  production 
of  disease-free  plants. 

We  are  convinced  by  our  research  on  ash 
and  lilac  that  these  newly  discovered  patho- 
gens constitute  significant  threats  to  horticul- 
ture and  forestry.  Clearly,  the  primary  limiting 
factor  to  learning  more  about  mycoplasmalike 
organisms  is  the  inability  to  isolate  and  grow 
them  in  pure  culture.  When  this  has  been 
achieved,  I predict  that  they  will  soon  rank  in 
importance  with  fungi,  bacteria,  and  vimses 
as  recognized  disease-causing  agents  in  the 
environment. 
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Table  1.  Lilac  taxa  in  which  the  witches'-broom  disease  has  been  identified. 


Early-Blooming  Lilacs 

Syringa  obi  at  a var.  dilatata 

Midseason-Blooming  Lilacs 

S.  x diversifolia  'Nouveau' 

S.  josikaea  'Eximia' 

S.  julianae 
S.  laciniata 
S.  meyeii 

S.  microphylla  'Superba' 

S.  x persica 

S.  vulgaris  cvs.  Aurea,  Bleuatre,  Boule 
Azuree,  Capitaine  Perrault,  Carmine, 
Charles  Joly,  Colbert,  Col.  Wm.  R.  Plum, 
Dr.  Charles  Jacobs,  Edith  Cavell,  Fountain, 
Frank  Patterson,  Gaudichaud,  Geheimrat 
FFeyder,  Grand-Due  Constantin,  Hugo 
Koster,  Hunting  Tower,  Jessie  Gardner,  Joan 
Dunbar,  Kim,  Le  Gaulois,  Lucie  Baltet, 
Maurice  de  Vilmorin,  Mauve  Mist,  Miss 
Ellen  Willmott,  Mile.  Fernande  Viger, 
Mme.  Florent  Stepman,  Montaigne,  Nana, 
Patrick  Henry,  Paul  Hariot,  Petersons, 
Pinkie,  President  Poincare,  President  Viger, 


Princess  Camille  de  Rohan,  Prof.  E.  H.  Wil- 
son, Sarah  Sands,  Souvenir  de  Claudius 
Graindorge,  Souvenir  de  Henri  Simon, 
Suite,  Triste  Barbara,  Verschaffeltii,  Vestale, 
Victor  Lemoine 

Late-Blooming  Lilacs 

S.  x henryi  'Lutece' 

S.  x henryi  x S.  tomentella  'Prairial' 

S.  x josiflexa  cvs.  Anna  Amhoff,  Elaine, 
Enid,  Guinevere,  Royalty 
S.  komarowii 

S.  x nanceiana  cvs.  Floreal,  Rutilant 
S.  x prestoniae  cvs.  Alexander's 
Aristocrat,  Alice,  Calpurnia,  Charmian, 
Constance,  Coral,  Dawn,  Desdemona, 
Dorcas,  Elinor,  Francisca,  Isabella,  James 
Macfarlane,  Juliet,  Lavinia,  Maybelle  Far- 
num,  Miranda,  Nellie  Bean,  Olivia,  Pau- 
lina, Portia,  Regan,  Romeo,  Silvia,  Ursula, 
Virgilia 

S.  sweginzowii 
S.  villosa 

S.  villosa  x sweginzowii  'Hedin' 

S.  yunnanensis 
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lb  Make  His  Country  Smile:  William  Hamilton's 
Woodlands 

Karen  Madsen 


This  famous  estate  on  the  Schuylkill  River  in  Philadelphia  occupies  an 
important  position  in  the  history  of  American  landscape  gardening. 


Two  hundred  years  ago  the  preeminent  sight 
on  the  southern  approach  to  Philadelphia  was 
a country  estate  lying  just  above  the  pic- 
turesque Schuylkill  River.  Created  by  William 
Hamilton  (1745-1813),  gentleman,  landscape 
designer,  botanist,  and  avid  plant  collector,  the 
Woodlands  was  an  icon  in  its  time,  one  of  the 
first  American  landscape  gardens  in  the 
"natural"  English  style. 

It  was  to  Hamilton  that  Thomas  Jefferson 
wrote  the  letter  now  considered  one  of  the  key 
documents  in  American  landscape  history. 
Near  the  end  he  apologizes  because  "I  sat 
down  to  thank  you  for  kindnesses  received, 
& to  bespeak  permission  to  ask  further  con- 
tributions from  your  collection  & I have  writ- 
ten you  a treatise  on  gardening  generally,  in 
which  art  lessons  would  come  with  more 
justice  from  you  to  me."  In  the  same  letter 
Jefferson  called  the  Woodlands  "the  only  rival 
which  I have  known  in  America  to  what  may 
be  seen  in  England."1  Although  it  is  now  rarely 
given  more  than  a paragraph  or  two  in  articles 
on  the  art  of  American  landscaping  prior  to 
the  nineteenth  century,  in  Hamilton's  time 
the  Woodlands  received  a great  deal  of  atten- 
tion, both  written  and  graphic. 

Hamilton  inherited  the  Woodlands  in  1747 
when  he  was  only  two  years  old.  His  interest 
in  "improving"  what  was  then  a country  seat 
began  very  early;  indeed,  a schoolmate 
remembered  listening  to  Hamilton's  plans  for 
its  improvement  when  he  was  only  a boy.2  But 


with  his  visit  to  England  in  1784-1786,  that 
interest  was  heightened.  Of  his  tours  there  we 
have  only  a list  of  the  counties  he  visited  and 
a boast. 

Short  as  my  absence  from  you  has  been  [one  year 
at  the  time],  I am  bold  to  say  I have  seen  as  much 
of  Eng'd  & its  metropolis  as  any  of  my  countrymen 
who  have  preceded  me  ...  [I]  have  left  unseen  noth- 
ing that  I have  ever  heard  of  as  worthy  of  notice.  At 
every  place  where  I have  been  I have  attended  to 
whatever  was  most  curious,  & by  the  help  of  my 
memorandums,  I flatter  myself,  the  impressions  I 
received  will  not  be  easily  effaced.3 

He  was  favorably  impressed.  "England  as  a 
country  is  an  Elysium,  & I should  not  have 
repined  if  circumstances  would  allow  me  a 
fixed  Residence  in  it,  with  my  family  & 
property  about  me."  He  resolved  to  transport 
it  to  his  own  country.  "The  verdure  of  England 
is  its  greatest  beauty  & my  endeavours  shall 
not  be  wanting  to  give  the  Woodlands  some 
resemblance  of  it."4  He  pledged,  "Having 
observed  with  attention  the  nature,  variety  & 
extent  of  the  plantations  of  shrubs,  trees,  & 
fruits  & consequently  admired  them,  I shall 
(if  God  grants  me  a safe  return  to  my  own 
country,)  endeavour  to  make  it  smile  in  the 
same  useful  & beautiful  manner."  And  in  the 
same  letter  he  sets  his  secretary  to  work  on 
his  plans  for  improvements:  "To  take  time  by 
the  forelock,  every  preparation  should 
immediately  be  made  by  Mr.  Thomson  [his 
gardener]  who  is  on  the  spot,  & I have  no 


Woodlands  15 


James  Peller  Malcom’s  wateicoloi  titled  The  Woodlands  From  the  Bridge  at  Gray's  Ferry,  ca.  1792.  This  is  the 
perspective  of  travelers  from  Washington  and  other  points  south  as  they  approached  Philadelphia’s  limits.  The 
house  appears  to  loom  over  the  river,  as  if  sited  much  closer  to  it  than  it  really  is.  To  the  left,  or  west,  of  the 
house  can  be  seen  the  wall  of  the  greenhouse,  the  roof  of  the  stable,  and  in  the  right  middle  ground,  a path 
winding  down  to  the  river.  From  City  of  Independence,  Martin  P.  Snyder.  New  York:  Praeger  Publishers,  1975, 
page  71,  privately  owned. 


doubt  you  will  assist  him  to  the  utmost  of 
your  power."5 

Hamilton's  ambition — to  make  his  country 
smile  in  the  same  useful  and  beautiful 
manner — can  in  no  way  be  considered  hob- 
byish,  inconsequential,  or  in  any  way  purely 
optional.  Landscape  was  an  issue  of  both  aes- 
thetic and  intellectual  concern.  It  was  seen  to 
have  consequences  in  physical  and  economic 
well-being  and  to  have  important  moral  impli- 
cations as  well.  It  expressed  the  young  coun- 
try's aspirations.  As  one  historian  put  it,  "The 
quality  of  American  life  and  scenery  assumed 
nationalistic  overtones.  The  improved  land- 
scape not  only  provided  evidence  of  the  coun- 


try's progress  but  displayed  its  integrity  and 
wholesomeness."6 

Begun  in  the  eighteenth  century,  by  the 
nineteenth  the  process  of  adapting  the  English 
conception  of  natural  beauty  and  order  to  the 
United  States  had  taken  a central  position.  It 
has  been  pointed  out  that  "the  national  land- 
scape stimulated  much  of  the  most  influen- 
tial thinking,  the  most  intense  feeling,  and 
the  finest  art  of  the  American  people."7  The 
English  romantic  landscape,  widely  seen  as 
revolutionary  in  its  concept,  was  and  is  con- 
sidered England's  greatest  contribution  to  the 
arts  in  the  eighteenth  century.  In  the 
nineteenth  and  twentieth  centuries,  that  con- 
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cept  also  shaped  American  standards  of 
natural  beauty  with  all  the  implications  that 
has  had  for  our  landscape  and  our  way  of  life. 

With  so  many  Americans  born  or  educated 
in  England,  it  was  only  natural  that  English 
taste  should  have  its  influence.  Philadelphia, 
New  York,  and  Boston  might  be  major  cities 
of  an  independent  nation  on  the  far  side  of  the 
ocean,  but  culturally  they  were  as  dependent 
on  London  as  any  of  the  provincial  cities  in 
England  itself.  In  1798  Benjamin  Henry 
Latrobe  wrote  in  his  journal,  "I  could  see  no 
difference  between  Philadelphian  and  English 
manners.  The  same  style  of  living,  the  same 
opinions  as  to  fashions,  tastes,  comforts,  and 
accomplishments.  Nor  can  it  well  be  other- 
wise. The  perpetual  influx  of  Englishmen,  the 
constant  intercourse  of  the  Merchants — here 
the  leaders  of  manners  and  fashion — with 
England,  must  produce  this  effect."8  But  on 
one  important  point  America  had  the  advan- 
tage over  the  mother  country,  and  that  was  in 
its  natural  beauty.  In  typical  American 
fashion  the  advantage  was  often  expressed  in 
terms  of  its  practical  aspects,  or  as  the 
English-bom  artist  William  Russell  Birch  put 
it,  "In  the  United  States  the  face  of  nature  is 
so  variegated  . . . that  labour  and  expenditure 
of  Art  is  not  so  great  as  in  Countries  less 
favoured."9 

The  English  canon  on  natural  beauty  did 
not  neglect  rivers.  Those  looking  for  "pleas- 
ing and  picturesque  views"  were  encouraged 
to  follow  the  course  of  a river;  winding 
through  a country  it  was  "one  of  the  most 
beautiful  objects  in  nature."10  The  Schuylkill 
was  early  recognized  as  one  of  the  most  beau- 
tiful among  beautiful  objects,  abounding  in 
"beautiful  situations  for  retreats,"  as  Birch, 
who  portrayed  so  many  of  them,  wrote  in  his 
autobiography.11  At  the  Woodlands  the  terrain 
was  of  the  much  admired  hill-and-dale  vari- 
ety with  several  small  streams  crossing  it. 


Along  the  river,  which  is  very  broad  here, 
there  was  a touch  of  wildness  and  the  visual 
interest  of  rock  outcroppings. 

The  most  prominent  feature  in  the  land- 
scape was  the  house,  sited  on  a high  bluff. 
Truly  it  fit  the  eighteenth-century  English 
ideal  of  a beautiful  object  in  a picturesque 
landscape.  A well-traveled  Polish  nobleman 
called  it  the  Villa  Borghese  of  Philadelphia 
although  it  was  on  a scale  far  smaller  than  the 
English  or  European  (as  was  appropriate  to  a 
new  republic).12  When  on  his  return  from 
England  in  1786  William  enlarged  on  the  rural 
summer  retreat  his  father  had  built,  he  fol- 
lowed the  latest  English  fashion  using  cur- 
vilinear forms  and  detailing  new  to  American 
architecture.  But  most  significant,  the  house 
represents  an  early  attempt — perhaps  the 
earliest — to  literally  move  out  into  the  land- 
scape. The  south  facade,  with  its  giant  project- 
ing portico,  faces  square  onto  the  most 
important  vista,  the  river. 

It  was  there  on  an  October  evening  in  1803 
that  the  peripatetic  Reverend  Manasseh 
Cutler,  then  congressman  from  Mas- 
sachusetts, and  his  colleague  Senator  Timo- 
thy Pickering,  seeking  shelter  for  the  night 
from  fever-ridden  Philadelphia,  found  the 
owner  of  the  manse,  taking  his  ease  on  his 
piazza,  smoking  a cigar,  no  doubt  chatting 
with  family,  surveying  the  traffic  on  the 
Schuylkill,  and  enjoying  the  view  to  the 
south.13  By  all  accounts  the  views  were 
exquisite. 

The  prospect  from  every  room  is  enchanting,  as  you 
enter  the  hall  you  have  a view  of  a remarkably  fine 
lawn,  beyond  that,  the  bridge  over  which  people  are 
constantly  passing,  the  rocky  ground  opposite  to 
Gray's,  four  or  five  windings  of  the  Schuylkill,  the 
intermediate  country  & the  Delaware  terminated  by 
the  blue  mist  of  the  Jersey  shore — at  the  back  the 
eye  is  refreshed  with  the  sight  of  the  most  beauti- 
ful trees.14 


A detail  from  Peter  C.  Varle's  map  of  Philadelphia,  1796.  The  Darby  Road,  running  parallel  to  the  Schuylkill, 
intersects  the  Woodlands.  The  Schuylkill  and  Mill  Creek,  which  flows  into  the  Schuylkill,  form  two  of  the 
Woodlands’  boundaries.  When  Hamilton  inherited  the  Woodlands,  it  was  about  356  acres  in  extent.  A 1781 
survey  shows  him  to  have  increased  its  size  to  600  acres.  Most  of  the  property  was  farmed  with  the  exception 
of  the  area  between  the  Darby  Road  and  the  Schuylkill.  That  is  where  Hamilton  made  his  landscape  garden. 
Courtesy  of  the  Historical  Society  of  Pennsylvania. 
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William  Russell  Birch,  Woodlands,  the  Seat  of  Mr  Wm  Hamilton  Pennsylv'a,  an  engraving  from  his  Country  Seats 
of  the  United  States  of  North  America,  1808.  Birch  was  one  of  the  first  to  depict  country  estates  in  the  early 
years  of  our  nation.  His  Country  Seats  resembles  similar  English  publications  of  the  period,  the  major  difference 
being  that  the  English  pictured  the  manors  of  the  nobility  and  a way  of  life  attainable  only  by  accident  of  birth, 
whereas  Birch  showed  an  American  way  of  life,  within  reach  of  all.  Courtesy  of  the  Historical  Society  of  Penn- 
sylvania. 


Contemporaries  recorded  that  Hamilton 
was  wonderfully  charming,  fond  of  show,  an 
affectionate  son  and  uncle,  and  above  all  an 
enthusiastic  and  eager  host.  George  Washing- 
ton noted  in  his  diary  for  1787  a "lavish  enter- 
tainment at  which  were  more  than  an 
hundred  guests."15  On  July  4,  1788,  when 
Philadelphians  celebrated  the  official  accep- 
tance of  the  Constitution  with  a three-mile 
parade  ending  at  the  Woodlands,  seventeen 
thousand  citizens  spent  the  afternoon  pic- 
nicking on  the  grounds.16 

It  is  on  the  surviving  bits  of  paper  that  we 
must  depend  for  an  idea  of  what  England's 
only  rival  actually  looked  like.  No  plan  of  the 
landscape  garden  is  known,  nor  can  it  be 
entirely  reconstructed  unless  and  until  the 
tools  of  archeology  are  employed  at  the  site. 


Several  contemporary  accounts  do  exist.  Add 
to  these  what  remains  of  Hamilton's  cor- 
respondence as  well  as  the  evidence  of  surviv- 
ing illustrations,  and  we  can  form  an  idea  of 
the  terrain,  the  views  from  the  house,  the 
"pleasure  ground,"  and  the  greenhouse  and  its 
surrounding  area.  We  get  only  glimpses  of  out- 
buildings, terraces,  and  bordered  walks  as  well 
as  kitchen  garden  and  orchard. 

Reverend  Cutler  described  the  pleasure 
ground  as  being  "in  front,  and  a little  back  of 
the  house.  It  is  formed  into  walks,  in  every 
direction,  with  borders  of  flowering  shrubs 
and  trees.  Between  are  lawns  of  green  grass, 
frequently  mowed,  and  at  different  distances 
numerous  copse  of  the  native  trees,  inter- 
spersed with  artificial  groves,  which  are  of 
trees  collected  from  all  parts  of  the  world." 
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Friends  of  the  Arboretum  Invited 
to  Art  Preview  Reception 

Members  are  invited  to  a preview  reception  of 
"Paintings  in  Gardens  and  Glasshouses"  on 
Friday  June  9 from  6 to  8 p.m.  in  the  Hunnewell 
Visitor  Center.  (Please  R.S.V.P.  to  524-1718.) 
Andover  painter  Tamara  Elizabeth  Krendel 
returns  to  the  Arnold  Arboretum  with  a new 
exhibition  of  her  watercolors  and  oils  of  green- 
house interiors,  gardens,  and  an  occasional 
landscape  to  delight  horticultural  enthusiasts 
and  art  collectors.  The  show  "Paintings  in 
Gardens  and  Glasshouses"  opens  to  the  public 
on  June  12.  Dealing  directly  with  subjects  as 
diverse  as  rhododendrons,  delphiniums  and 
day  lilies,  Krendel  transforms  the  shape  of 
growing  plants  and  botanical  settings  into 
compositions  of  light.  Well-known  for  her 
paintings  of  greenhouse  interiors  that  capture 


the  way  light  shining  through  glass  affects 
the  colors  of  petals  and  leaves,  Krendel  says, 
"I  try  to  get  close  to  the  mysterious  spirit  and 
poetry  of  light  and  place." 

Many  will  remember  Krendel's  show 
"Paintings  in  Glass  Houses"  at  the  Arnold  in 
1985.  She  has  also  exhibited  at  Widener  Uni- 
versity Art  Museum  in  Chester,  PA,  and  the 
Cosmos  Club  in  Washington  DC.  She  re- 
ceived her  MFA  at  the  University  of  Pennsyl- 
vania in  1979  and  pursued  post-graduate 
studies  at  the  Royal  Academy  of  Fine  Arts  in 
Antwerp,  Belgium.  Krendel's  work  will  be  on 
view  in  the  Hunnewell  Visitors  Center  from 
June  12  through  September  18,  daily,  10  a.m.  to 
4 p.m. 

Greenhouse  Thrives  on 
Volunteers 

Recently  I dropped  by  the  greenhouse  and 
long-time  volunteer,  Les  Oliver,  was  sitting 
at  a work  table  separating  seeds  from  Cedar 
of  Lebanon  cones.  I stopped  to  chat  and 
asked  him  how  he  came  to  volunteer  at  the 
arboretum. 

"I've  been  here  since  retiring  in  1972  after 
reading  in  arnoldia  that  the  arboretum  was 
looking  for  volunteers."  As  he  remembers  it, 
his  first  assignment  was  labeling  plants  and 
he  worked  under  chief  propagator  A1 
Fordham. 

"I  knew  I wanted  to  work  in  the  green 
house,"  he  said,  "because  it  is  the  center  of 
the  institution,  its  meristem,  so  to  speak." 

Although  I'd  been  told  that  Les  is  the 
greenhouse's  expert  in  seeds,  he  was  too 
modest  to  comment  on  that  accolade.  The 
most  that  I could  get  him  to  say  about  his 
expertise  was,  "I  guess  I do  a lot  of  seed 
work,  especially  getting  seeds  ready  for 

(Continued  on  page  4) 
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Don't  Miss  the  7th  Annual  Plant 
Sale  and  Rare  Plant  Auction 

Sunday,  September  17 
9 a.m.  to  4 p.m. 

Case  Estates  in  Weston,  MA 

Each  year's  Plant  Sale  features  many  of  the 
trees  and  shrubs  that  you  read  about  and 
seldom  can  locate.  But  rarity  is  not  the  only 
consideration  in  selecting  plants  for  the  sale, 
the  Arboretum  and  the  Associates  also  look 
for  plants  whose  unique  characteristics  make 
them  most  suitable  for  specimen  or  accent 
use.  For  example,  this  year's  sale  includes: 
Actinidia  kolomikta,  a vine  native  to  Northeast- 
ern Asia,  Japan  and  China,  which  will  grow 
to  20'  or  more  in  the  Boston  area.  It  is  known 
for  its  showy  foliage:  heart-shaped  leaves 
with  pink.  Acer  triflorum,  or  three-flower 
maple  tree,  is  native  to  Manchuria  and  Korea. 
It  has  exfoliating  ash-brown  bark  and  its  fall 
foliage  is  rich  yellow  and  red  with  an  overall 
effect  of  orange.  It  grows  from  20-30'.  And, 
Franklinia  alatamaha  which  is  not  known  to 
grow  wild  anywhere.  It  has  brilliant  orange 
or  crimson  autumn  color  and  its  beautiful 
large,  waxy  white  flowers  bloom  in  autumn. 

Each  year  the  Arboretum  Associate's 
plant  auctions  offer  a wide  selection  of  choice 
plants  from  nurseries  and  private  collections. 
Proceeds  from  these  auctions  have  supported 
the  following  projects: 

•1983 — Tissue  Culture  Laboratory  equipment 

•1984 — Children's  Education  Program 

Protective  sleeves  for  photographs  in  the 
Horticulture  Library 
Purchase  of  20x40'  tent  for  the  Case 
Estates 

Computer  software. 

NSF  grantproposal  costs. 

•1985 — Computer  for  the  Dana  Greenhouse. 

Conversion  of  E.  H.  Wilson's  glass  plate 
negatives  to  safety  film. 

Supplies  for  the  Children's  Education 
Program. 

Collection  of  Chinese  specimens  for 
Herbarium. 

Purchase  and  instillation  of  computer 
software  for  Education  Program 
Purchase  of  Chinese  books  for  Library 
Signage  for  Sargent  Trail 
Conversion  of  herbaria  drier  to 
year-round  use 


"Reflected  Spring"  Art  Competi- 
tion Brings  More  Than  200  Works 
of  Art  to  Arboretum 

From  more  than  200  submissions  to  the 
spring  1989  competition  for  the  gallery  show, 
"Reflected  Spring",  25  works  of  art  celebrat- 
ing the  beauty  of  lilacs  were  selected  by  jury. 
One  artwork  was  selected  for  reproduction 
on  the  1989  lilac  poster  and  the  jury's  selection 
was  a gouache  by  Ellen  Tikkanen  of  Cambr- 
idge. Her  painting  captures  the  arboretums' 
own  lilac  collection.  Ms.  Tikkanen  grew  up  in 
Jamaica  Plain,  not  far  from  the  arboretum's 
Bussey  Hill  from  which  her  work  of  art  views 
the  lilac  collection,  and  she  remembers  the 
thrill  of  attending  Lilac  Sunday  as  a little  girl. 
Now  a free-lance  designer,  she  attended  Mass 
College  of  Art  and  has  spent  many  of  her 
painting  hours  in  the  arboretum.  The  1989 
poster  is  on  sale  in  the  Shop  at  the  Arboretum 
for  $14. 

Winner  of  The  Lilac  Art  Poster 

Tikkanen,  Ellen.  Bussey  HOI.  Cambridge 

Works  for  the  Show 

Abbott,  Jeannie,  Lilac  Breeze.  Brookline 
Barbier,  Suzette,  Still-life. . Cambridge 
Ciaffaroni,  Sara,  Lilac.  Boston 
Clave,  Linda,  Nostalgia.  Boston 
Clodgo,  Christopher,  Untitled.  Everett 
Cohen,  Marjorie,  Harkness  Lilacs.  Leverett 
Comolli,  Anna,  Syringa  Prestonia  . Milford 
Francis,  Christine,  Le  Printemps.  Quincy 
Griswold,  Joan,  Summer  Hat.  Wellesley 
Hoey,  Julie,  May  Flowers.  Arlington 
Hogan,  Anna,  Boquet.  Lawrence 
K.-Pastuchiv,  Olga,  Lilacs.  Somerville 
Kauffmann,  Robyn  , Lilac  Arch.  Milton 
Levin,  Phyllis,  A Lilac  Hedge  Surrounded  the  Property. 
Levine,  Phyllis,  Ambition  Drove  Her  Through  Some 
Funny  Territory.  Dux  bury 
McDowell,  Ruth,  Lilac  Sunday.  Winchester 
Patrick,  Cyndy,  (untitled).  Everett 
Rebek,  Thomas,  Lilac  Walkway.  Boston 
Regan,  JoAnne,  Lilac  Window.  Canton 
Rabiner,  Carolyn,  (untitled).  Newton 
Slade,  Phila,  Breath  of  Spring  111.  North  Andover 
Spaulding,  Dorothy,  (untitled).  Boston 
Visvis,  Elizabeth,  Bowl  of  Lilacs.  Wellesley  Hills 
Wirth,  Helena,  Lilacs.  Sherbom 
Wong,  Janine,  Midnight  Lilacs.  Cambridge 
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Now  that  we're  blooming,  a look  back  at  some  of  the 
people  who  make  Spring  happen  .... 


Since  the  arboretum  is  over  100  years  old,  we 
are  in  process  of  re-invigorating  a mature  col- 
lection of  woody  plants.  Work  constantly 
goes  on  to  repropagate  and  renew  the  collec- 
tion even  though  trees  may  not  be  in  any 
danger.  It  can  take  a long  time  for  new  plants 
to  grow  mature  enough  to  be  planted  on  the 
grounds. 

Because  the  arboretum  is  a scientific 
collection,  the  focus  is  to  conserve  the  collec- 
tions by  replacing  individual  plants  with 
exact  genetic  duplicates.  Thus,  plants  are 
propagated  vegetatively;  in  other  words, 
"cloned."  Jack  Alexander  (picture),  the 
arboretum's  chief  propagator  says,  "Cloning 
has  been  going  on  for  thousands  of  years 
using  one  of  several  tech- 
niques that  take  a vegeta- 
tive part  of  the  plant  and 
put  roots  on  it.  Plants  are 
begun  using  cuttings, 
grafting,  division  (for 
shrubs),  and  sometimes, 
tissue  culture. 

New  plants  are  also 
introduced  and  this  work 
of  the  arboretum  begins 
when  botanists  on  staff 
set  out  on  plant  collection 
expeditions.  Rob 
Nicholson  (picture),  a 
propagation  specialist, 
went  to  Mexico  to  search 


Jack  Alexander 


for  rare  conifers  that  may  be  hardy  in  Boston. 


Jim  Nickerson 


Rob  Nicholson 


Mark  Walkama 


He  also  collected  seeds  for  the  Center  of  Plant 
Conservation,  an  organization  that  coordi- 
nates the  collection  of  rare  and  endangered 
U.S.  flora. 

The  arboretum's  staff  is  constantly  evalu- 
ating and  replacing  the  plants.  Gary  Roller, 
chief  horticulturist,  and  Patrick  Willoughby, 
head  of  the  grounds  crew,  are  always  as  are 
the  members  of  the  grounds  crew  planning 
ahead  — planting  and  caring  for  the  14,000 
woody  plants  growing  on  the  arboretum's 
265  acres,  and,  at  the  same  time,  managing 
for  the  21st  century. 
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Microwave  oven  for  Jamaica  Plain 
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•1986 — Signage  for  Sargent  Trail 

Matching  grant  for  Herbarium  cases' 
purchase 

IBM  printer  for  Education  Program 
Equipment  for  Children's  Program 
Rare  books  for  Library 
Documentation  of  slides  in  Horticultural 
Library 

Fans  for  Dana  Greenhouse 
Volunteer  guide  books  and  vests 
Slide  projector  and  loudspeaker  system 
Books  for  the  Arnold  Arboretum  Journal 
Data  input  for  Living  Collections 
Typewriter  for  Business  Office 
Interactive  exhibit  for  Education 
Department 

Alarm  system  for  Bonsai  House 
Library  addition  to  catalog  of  the 
collections 

•1987 — Computerization  of  the  plant  mapping 
system 

Restoration  of  the  Bonsai  House 
Fans  for  the  Dana  Greenhouse 

Volunteers 

(Continued  from  page  1) 

germination,"  but  he's  also  worked  with  the 
records  to  support  Jack  Alexander's  program 
in  hybridization. 

Les,  who  has  been  an  English  teacher 
"everywhere",  is  a Harvard  Ph.D.  even 
though  he  hadn't  planned  on  going  to 
college,  much  less  on  even  finishing  high 
school.  As  the  eldest  male  child,  he  had  to 
work  to  help  support  his  siblings.  Having  just 
one  year  of  high  school,  he  got  himself  a kit 
of  tools  and  began  repairing  typewriters.  But 
he  was  able  to  go  to  night  school  and  was 
encouraged  by  a young  woman  teacher  that 
there  was  more  to  life  than  repairing  type- 
writers. With  her  support,  he  convinced  the 
Oregon  Agricultural  College  to  enroll  him 
even  without  a high  school  diploma  and  then 
went  on  to  finish  at  Oregon  State,  where  he 
got  his  feet  wet  teaching  freshman  English. 
After  graduate  work  at  Syracuse,  he  taught 
English  and  history  at  the  Naval  Academy. 
From  there  he  went  to  the  Colorado  School  of 
Mines  where  he  wrote  a text  book  on  techni- 
cal exposition.  After  receiving  his  Ph.D.  from 
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Harvard,  he  was  fortunate  to  become  an 
assistant  in  the  Houghton  Library  where  he 
helped  to  build  their  collection  of  rare  books. 
After  another  stint  teaching  in  the  west  at 
Washington  State  College  in  Pullman,  WA, 
he  returned  to  Cambridge  and  to  Lelsey  Col- 
lege where  for  18  years  he  taught  English. 

His  favorite  subjects?  Shakespeare,  the  ro- 
mantic poets,  and  the  psychological  novel. 

He  retired  in  1972  to  begin  a second  career  as 
an  arboretum  volunteer. 

He  did  not , however,  come  to  the  arbo- 
retum because  he  was  a successful  gardener 
with  an  extra  green  thumb.  On  the  contrary 
Les  said  his  house  in  Melrose  sits  on  filled 
land  without  any  soil  good  enough  for 
planting.  He  came  because  of  his  first  intro- 
duction to  the  arboretum  when  he  lived  in  Ja- 
maica Plain  and  would  walk  here,  using  he 
said,  " my  eyes."  Perhaps  that's  when  he 
spotted  the  trees  that  have  continued  to  be 
his  center  of  interest,  the  Dawn  Redwood  and 
the  Sourwood. 

I said  it  was  interesting  to  learn  hear 
how  people  were  attracted  to  volunteering  at 
the  arboretum  and  asked  Lizanne  Chapin, 
another  volunteer,  who  was  now  sitting 
across  the  table  in  the  greenhouse,  working 
on  her  own  project,  how  she'd  come  to 
volunteer. 

She  explained  she'd  majored  in  land- 
scape architecture  at  Smith  and  worked  in 
their  greenhouse.  She  comes  from  a long 
line  of  gardeners,  has  a wild  flower  garden  in 
Cambridge,  and  helped  design  the  Dukes 
County  Historical  Society's  display  herb 
garden.  She  had  always  wished  she  could 
work  in  the  Arnold's  greenhouse  but  it 
wasn't  until  she  met  the  newly-arrived 
Ashtons  at  aWild  Flower  Annual  Meeting, 
that  her  wish  came  true. 

Ever  since  she's  been  the  jack-of-all- 
trades  at  the  greenhouse — from  collecting 
seedlings  to  press  for  the  herbarium  to  wash- 
ing pots  to  potting  up  rare  plants  for  the  fall 
auction. 

Her  favorite  arboretum  tree  is  the  mag- 
nolia stellata,  which  she  says  is  a favorite  of 
hers  in  the  winter,  too,  because  of  its  pretty, 
soft  green  buds. 

Les  and  Lizanne  invited  me  to  help  wash 
pots,  but  I said  I'd  come  back  another  time 
and  left  them  busily  at  their  work. 
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And  collected  in  great  numbers.  In  a letter 
from  England  Hamilton  worries  the  fate  of 
plants  sent  home,  among  them  three  hundred 
silver  firs  and  five  hundred  Portuguese 
laurels.17 

An  account  dating  from  1788  tells  us  that 
the  walks  were  "planted  on  each  side  with  the 
most  beautiful  & curious  flowers  & shrubs. 
They  are  in  some  parts  enclosed  with  the 
Lombardy  poplar  except  here  & there  open- 
ings are  left  to  give  you  a view  of  some  fine 
trees  or  beautiful  prospect  beyond,  & in 
others,  shaded  by  arbours  of  the  wild  grape, 
or  clumps  of  large  trees  under  which  are 
placed  seats  where  you  may  rest  yourself  & 
enjoy  the  cool  air  ...  "I8 

America's  first  planting  guide,  The  Ameri- 
can Gardener’s  Calendar  (1806),  was  written 
by  a man  who  knew  the  Woodlands  well,  Ber- 
nard M'Mahon,  a Philadelphia  nurseryman 
and  (with  Hamilton)  one  of  the  two  recipients 
of  the  Lewis  and  Clark  plant  discoveries.  His 
recommendations  for  Ornamental  Designs, 
and  Planting  of  The  Pleasure,  or  Llower- 
Garden,  echo  the  descriptions  of  the  Wood- 
lands, especially  when  he  insists  that  screens 
be  used  to  prevent  the  entirety  from  being 
taken  in  at  one  view,  "so  that  a spectator  will 
be  agreeably  surprised  to  find,  that  what  ter- 
minated this  prospect,  only  served  as  an 
introduction  to  new  beauties  and  varieties."19 

Variety  harks  back  to  the  delights  of  the 
Woodlands.  It  was  also  a hallmark  of  the  land- 
scape theories  of  Thomas  Whately,  whose 
very  influential  Observations  of  Modern 
Gardening,  published  in  London  in  1870,  Wil- 
liam Hamilton  surely  knew  and,  like  so  many 
tourists  in  England,  surely  used  on  his  rounds 
of  English  estates.  Mood  was  another  effect 
that  Hamilton  exploited.  Cordial  host  though 
he  was,  he  was  quite  definite  about  when  and 
how  his  landscape  should  be  experienced.  He 
may  have  taken  his  cue  from  Whately.  "To 
every  view  belongs  a light  which  shews  it  to 
advantage;  every  scene  and  every  object  is  in 
its  highest  beauty  only  at  particular  hours  of 
the  day;  and  every  place  is,  by  its  situation  or 
its  character,  peculiarly  agreable  in  certain 
months  of  the  year."20  A visitor  in  1798  con- 
tended that  Hamilton  carried  "his  fastidious- 


ness about  the  countryside  to  such  a point 
that  he  is  in  a dreadful  humor  when  one 
comes  to  visit  it  during  low  tide."21  That  was 
perhaps  an  exaggeration,  but  one  of  Hamil- 
ton's 1787  invitations  did  specify  that  "should 
you  wish  to  see  the  Woodlands  to  any  advan- 
tage, it  must  be  in  the  morning  at  this 
season."22 


Benjamin  West’s  painting  of  William  Hamilton  of  the 
“Woodlands”  and  his  niece  Mrs.  Anna  Hamilton 
Lyle.  Part  of  a distinguished  and  prominent  family, 
Hamilton’s  Scots-American  grandfather,  Andrew 
(1676-1741),  earned  a considerable  fortune  as  attor- 
ney for  the  Penns,  held  high  public  posts  including 
Attorney-General  and  Speaker  of  the  Assembly  of  the 
Province,  and  late  in  life  won  lasting  fame  as  the 
“Day  Star  of  the  Revolution”  for  his  celebrated 
defense  of  freedom  of  the  press  in  the  1 735  libel  case 
of  Peter  Zenger.  Hamilton’s  uncle  fames  (1710-1793) 
was  first  native  governor  of  the  province  (and  loyalist 
and  prisoner  on  parole  during  the  Revolution),  an 
early  president  of  the  Philosophical  Society,  and  a 
patron  of  Benjamin  West  and  other  artists.  It  was 
from  James  that  William  inherited  the  mainstay  of 
his  income,  the  rents  on  the  five  hundred  acres  of  land 
on  which  Lancaster,  Pennsylvania,  is  situated. 
Courtesy  of  the  Historical  Society  of  Pennsylvania. 
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Hamilton  Among  the  Botanists 

Ever  since  William  Penn  founded  Philadel- 
phia as  a "greene  Country  Towne,"  it  has 
been  a lively  center  for  botanists  and  hor- 
ticulturists. One  of  the  most  illustrious 
was  fohn  Bartram  (1699-1777)  who  lived 
just  south  of  the  Woodlands  and  was  a 
source  of  plants  and  information  for  Wil- 
liam Hamilton.  Botanist  to  King  George  IE, 
correspondent  of  Peter  Collinson  and  Caro- 
lus Linnaeus,  he  introduced  many  Ameri- 
can plants  to  England.  It  was  he  and  his  son 
William  who  discovered  the  Franklinia 
along  the  Altamaha  River  in  Georgia.  Cul- 
tivated in  their  garden,  it  disappeared  in  the 
wild  shortly  after  their  discovery.  All  extant 
specimens  in  North  America  derive  from 
layering  of  their  original  tree.1 

Humphry  Marshall  (1722-1801),  collector 
of  native  plants,  author  of  Arbustum 
Americanum,  or  The  American  Grove,  or 
An  Alphabetical  Catalogue  of  Forest  Trees 
and  Shrubs,  Natives  of  the  American 
United  States,  Arranged  according  to  the 
Linnaean  System  (1785),  and  cousin  of  John 
Bartram,  lived  in  Chester,  not  far  to  the 
south  of  Philadelphia.  A few  letters  survive 
in  which  Hamilton  requests  both  plants 
and  information  from  Marshall,  such  as 
where  over  the  mountains  his  servant  can 
discover  "the  oil  nut,  the  Mentzegia  or  any 
thing  else  that  is  curious."2 

Both  John  Lyon  and  Frederick  Pursh  were 
among  Hamilton's  gardeners.  John  Lyon 


(d.  1818)  devoted  several  years  to  exploring 
the  Carolinas,  Georgia,  and  Florida  and  was 
responsible  for  introducing  a number  of 
important  plants  into  English  gardens.  The 
genus  Lyonia  commemorates  his  name,  "an 
indefatigible  collector  of  North  American 
plants,  who  fell  a victim  to  a dangerous  epi- 
demic amidst  those  savage  and  romantic 
mountains  which  had  so  often  been  the 
theatre  of  his  labors."3 

The  German-bom  Pursh  (1774-1820)  pub- 
lished in  1814  the  second  flora  of  North 
America  north  of  Mexico,  the  Flora  Ameri- 
cae  Septentrionalis.  It  contained  all  the 
plants  described  by  several  botanists  from 
the  Lewis  and  Clark  expedition.  In  its 
preface  he  credited  Hamilton's  collection 
with  being  "particularly  valuable  for  fur- 
nishing me  with  a general  knowledge  of  the 
plants  of  that  country  preparatory  to  more 
extensive  travels  into  the  interior,  for  the 
discovery  of  new  and  unknown  species." 


Endnotes 

1 John  W.  Harshberger,  "The  Old  Gardens  of  Penn- 
sylvania," The  Garden  Magazine,  October  1920, 
page  78. 

2 William  Hamilton  to  Humphry  Marshall,  Letter 
of  November  23,  1796,  and  undated  letter.  Dreer 
Collection,  HSP. 

3 Thomas  Nuttall,  The  Genera  of  North  American 
Plants,  vol.  1.  Philadelphia,  1818,  page  266. 


The  tour  of  Hamilton's  pleasure  ground 
seems  always  to  have  ended  with  an  ascent 
from  Mill  Creek  to  the  greenhouse.  Flanked 
by  hothouses,  it  is  reported  to  have  been  140 
feet  long.  As  presented  to  visitors,  looming 
above  them  as  they  approached,  it  was  a 
breathtaking  sight,  "than  which  nothing  that 
has  preceded  it  can  excite  more  admiration." 
Unless  it  was  its  contents — the  plants  listed 
in  the  Hamilton  correspondence  are 


breathtaking  in  themselves.  A visitor  in  1809 
catalogued  the  greenhouse: 

It  contains  nearly  ten  thousand  plants,  out  of  which 
number  may  be  reckoned  between  five  and  six  thou- 
sand of  different  species,  procured  at  much  trouble 
and  expense,  from  many  remote  parts  of  the  globe, 
from  South  America,  the  Cape  of  Good  Hope,  the 
Brazils,  Botany  Bay,  Japan,  the  East  and  West  Indies, 
&c  &c.  This  collection,  for  the  beauty  and  rich  var- 
iety of  its  exotics,  surpasses  any  thing  of  the  kind 
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on  this  continent;  and,  among  many  other  rare 
productions  to  be  seen,  are  the  bread-fruit  tree,  cin- 
namon, allspice,  pepper,  mangoes,  different  sorts, 
sago,  coffee  from  Bengal,  Arabia,  and  the  West-Indies, 
tea,  green  and  bohea,  mahogany,  magnolias,  Japan 
rose,  rose  apples,  cherimolia,  one  of  the  most 
esteemed  fruits  of  Mexico,  Bamboo,  Indian  god  tree, 
iron  tree  of  China,  ginger,  olea  frangrans,  and  several 
varieties  of  the  sugar  cane,  five  species  of  which  are 
from  Otaheite.  To  this  green-house  so  richly  stored, 
too  much  praise  can  hardly  be  given.  The  curious 
person  views  it  with  delight,  and  the  naturalist  quits 
it  with  regret  ...  23 

Nor  did  Hamilton  forget  either  orchard  or 
kitchen  garden  in  his  concern  with  ornamen- 
tals. In  a letter  of  June  12,  1790,  he  plaintively 
beseeches: 

Pray  have  you  had  a plenty  of  peas  & Beans’  Have 
you  got  Strawberries!  are  they  good  have  the  celery 
plants  put  into  the  ground  which  was  promised  by 
the  gardener  Morris — How  many  thousand  cabbage 
plants  have  been  planted  out.  The  seeds  must  have 
been  wretchedly  bad  if  they  have  not  produced  thou- 
sand of  plants.  But  if  they  faild  a small  matter  would 
purchase  many  pray  are  the  pumpkins  sowed  or  the 
potatoes  planted  I am  thus  inquisitive  because  I am 
really  ignorant  with  respect  to  the  state  of  all  these 
things.24 

And  beyond  his  exotics  and  the  edibles, 
beyond  the  Lewis  and  Clark  plant  materials 
that  Jefferson  sent  him  for  cultivation,  Hamil- 
ton was  also  himself  collecting  from  the 
wilderness  near  and  far,  following  Whately's 
dictum,  "The  whole  range  of  nature  is  open 
to  the  gardener,  from  the  parterre  to  the  forest; 
and  whatever  is  agreable  to  the  senses  or  the 
imagination,  he  may  appropriate  to  the  spot 
he  is  to  improve:  it  is  a part  of  his  business 
to  collect  into  one  place,  the  delights  which 
are  generally  dispersed  through  different  spe- 
cies of  country."25 

To  say  that  Hamilton  was  obsessed  with 
plants  is  entirely  justified.  In  1784  the  very 
last  thoughts  he  recorded  on  board  ship  as  it 
entered  open  seas  bound  for  England  were  for 
"Seeds  to  save  & send:  mimosa  floridana,  Caro- 
lina sponge  tree."26  Letters  to  his  secretary 
often  urge  him  to  seek  out  particular  plants 
or  send  him  down  to  the  docks  to  see  if  any- 
thing new  has  come  in  on  the  India  ships. 
Hamilton  complains  bitterly  when  he  hears 


of  someone  else's  having  got  hold  of  a new 
exotic  or  "curious"  native  plant  that  Mr.  Smith 
has  failed  to  obtain.  We  are  grateful  that  Mr. 
Smith  was  neither  so  interested  in  horticul- 
ture nor  so  resourceful  at  plant  collecting  as 
his  employer.  A good  deal  of  what  we  know 
about  William  Hamilton  and  the  Woodlands 
is  owing  to  his  secretary's  failure  to  anticipate 
his  master's  wishes  and  carry  out  orders,  and 
to  the  consequent  reminders  and  rebukes  he 
elicited  when  Hamilton  was  away  from  home. 
We  know  much  less  about  the  years  when 
gardeners  of  the  caliber  of  John  Lyon  and 
Frederick  Pursh  were  in  his  employ. 

Hamilton  was  well  known  and  often  noted 
for  his  lack  of  generosity  with  at  least  certain 
plants  and  certain  persons.  Bernard  M'Mahon 
complained  of  it  in  a letter  to  Jefferson,27  and 
it  can  be  found  as  well  in  Hamilton's  own  cor- 
respondence, as  for  instance  with  a China  rose 
that  was  not  to  get  into  others'  hands  as  well 
as  admonitions  that  no  one  should  be  allowed 
alone  in  the  pot  and  tub  enclosures.28  But  it 
should  be  remembered  that  those  were  the 
times  when,  as  Andrew  Jackson  Downing 
noted,  "the  introduction  of  rare  exotics  was 
attended  with  a vast  deal  of  risk  and  trouble." 
Hamilton  is  credited  with  introducing  several 
plants  into  cultivation  in  North  America, 
most  notably  the  ginkgo  (Ginkgo  biloba),  the 
Lombardy  poplar  ( Populus  nigra  Ttalica'J,  the 
ailanthus  [Ailanthus  altissima ),  and  the  Nor- 
way maple  ( Acer platanoides ).29  Individually, 
any  one  of  these  four  species  would  have  con- 
stituted a significant  introduction.  Taken  as 
a group,  their  impact  on  the  cultivated  land- 
scape of  North  America  has  been  enormous. 

Like  all  avid  gardeners  William  Hamilton's 
work  was  never  finished.  In  an  article  on  the 
Woodlands  dated  1809,  when  Hamilton  had 
been  hard  at  it  for  at  least  twenty  years  and 
probably  many  more,  when  he  was  sixty-four 
years  old,  laid  low  by  gout  and  only  four  years 
from  his  death,  a visitor  reported  "much  still 
remains  to  be  done,  for  the  perfecting  it  in  all 
the  capabilities  which  Nature,  in  her  bound- 
less profusion,  has  bestowed."30 

We  cannot  know  how  William  Hamilton 
displayed  his  collection  of  exotics  and  curious 


22 


Woodlands 


Woodlands  23 


natives,  combined  foreign  importations  with 
native  wilderness,  contrasted  open  and  closed 
spaces,  or  arrayed  colors,  textures,  shapes.  Nor 
do  we  know  exactly  how  he  used  the  natural 
shaping  of  the  ground — the  genius  of  the 
place — as  inspiration  for  his  groupings;  in 
short,  whether  he  achieved  a unified  work  of 
landscape  art.  But  given  the  descriptions, 
given  Thomas  Jefferson's  strong  approba- 
tion— "the  chastest  model  of  gardening  which 
I have  ever  seen  out  of  England"31 — and  the 
high  praise  of  others,  given  William  Hamil- 
ton's own  eye  and  constant  concern  for  beauty, 
there  is  a high  probability  that  he  succeeded. 

He  was  aware  that  he  was  bringing  English 
models  in  architecture  and  landscaping  to 
America,  and  in  so  doing  he  knew  he  served 
his  country,  if  for  no  other  reason  than 
because  Thomas  Jefferson  often  told  him  so. 
The  landscape  he  adapted  at  the  Woodlands 
had  been  fashioned  by  and  for  the  aristocracy, 
but  in  this  country  it  was  to  play  its  most 
important  role  in  a decidedly  democratic 
process.  Birch,  who  included  the  Woodlands 
in  his  Country  Seats  of  the  United  States, 
sought  to  "promote  the  Fine  Arts  and 
propagate  Taste,"  to  spread  it  more  widely 
among  the  populace  of  the  young  country. 
M'Mahon's  readership  seems  to  have  encom- 
passed all  who  both  read  and  gardened.  If,  as 
it  appears,  he  took  the  Woodlands  as  a model 
for  the  laying  out  of  pleasure  grounds,  then 
the  Woodlands  would  have  had  wide  influence 
on  the  many  Americans  who  relied  on  his 
advice  throughout  the  first  half  of  the 
nineteenth  century.  Thus  the  Woodlands  is 
nothing  less  than  a crucial  way  station  on  the 
road  that  led  from  English  country  seat  to 
American  country  seat  to  rural  cemetery  to 
the  great  public  parks  of  the  nineteenth 


century — parks  that  a century  later  remain 
the  quintessential  American  idea  of  a park. 

The  Woodlands  began  to  decline  soon  after 
Hamilton's  death  in  1813.  "Life  is  short,  art 
is  long" — unless  it  is  the  art  of  the  landscape. 
The  fabulous  collection  of  tender  exotics  was 
scattered,  and  gradually  all  else  that  required 
care  died.  His  successors  had  little  knowledge, 
taste,  or  money.  The  Woodlands'  conversion 
into  a rural  cemetery  in  1840  was  applauded 
as  a method  of  preserving  the  splendid 
estate — the  cemetery's  charter  asserted  that 
"these  groves  and  those  prospects  will  be 
sacredly  preserved" — but  although  it  did  save 
the  mansion,  it  could  not  save  the  landscape.32 
The  entire  area  is  much  changed.  As  long  ago 
as  1864  Joshua  Francis  Fisher  recorded: 

The  city  out-skirts  have  encroached  everywhere  now. 
Ugly  buildings  rise  where  meadows  and  groves 
bounded  the  quiet  river.  The  trees  around  the  mar- 
gin . . . have  been  cut  down  for  wharves  and  a rail- 
way. The  fine  woods  of  Gray's  Gardens,  the  more 
distant  plantations  of  the  Bartrams,  the  picturesque 
projecting  rocks  in  the  foreground,  over  all  of  which 
we  used  to  look  while  we  traced  the  meanders  of  the 
tranquil  Schuylkill  on  its  way  to  the  Delaware,  all 
are  gone!  and  the  primitive  floating  bridge  has  given 
place  to  the  great  tasteless  wooden  viaduct  of  the 
Baltimore  Railroad,  which  spoils  the  landscape  and 
obstructs  the  view.33 

Time  has  served  only  to  add  more  factories, 
more  oil  tanks,  more  decay  and  dereliction. 
On  the  grounds  themselves  sweeps,  curves, 
projections  are  obscured.  Walks,  borders, 
lawns,  arbors,  thickets,  and  groves  are  gone. 
Bulbous  roots,  ranunculus,  double  convovu- 
lus,  franklinia,  double  peach,  Portuguese 
laurels,  and  even  the  ginkgos — all  are  gone. 
The  Elysium  on  the  Schuylkill,  William 
Hamilton's  Woodlands,  has  given  way  to  the 
unkempt  litter  of  modern  America. 


A 1936  photograph  of  the  male  ginkgo  tree  in  Woodlands  Cemetery,  Philadelphia.  Planted  in  1785  by  William 
Hamilton,  this  was  long  considered  the  oldest  ginkgo  in  North  America.  In  1981  it  was  68  feet  tall  and  30  inches 
in  diameter.  Unfortunately  this  tree,  along  with  a nearby  female  of  approximately  the  same  age,  was  cut  down 
in  the  mid-1980’s,  following  an  incident  in  which  the  caretaker’s  dog  took  sick  after  eating  some  of  the  seeds 
produced  by  the  female  tree.  This  regrettable  incident  has  settled  the  long-running  debate  about  which  is  the 
oldest  ginkgo  in  the  United  States:  there  is  now  no  doubt  that  it  is  the  male  specimen  in  Bartram’s  Garden 
just  a few  miles  from  the  Woodlands.  Photograph  by  R.  H.  Hue,  from  the  Archives  of  the  Arnold  Arboretum. 
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A New  Magnolia  Blooms  in  Boston 

Peter  Del  Tredici  and  Stephen  A.  Spongberg 


Magnolia  zenii  flowered  for  the  first  time  outside  its  native  China  in  1988. 


Without  a doubt  China  is  home  to  more  spe- 
cies of  hardy  ornamental  plants  than  any 
other  country  in  the  world,  and  many  western 
botanical  gardens  have  long  histories  of 
introducing  them  into  cultivation.  The 
Arnold  Arboretum,  principally  through  the 
efforts  of  E.  H.  Wilson,  was  a well-publicized 
leader  in  this  area  early  in  this  century,  when 
plant  introduction  from  temperate  Asia  was 
at  its  peak.  It  is  remarkable  that  even  today 
new  species  of  hardy  woody  plants  continue 
to  be  discovered  in  China,  presenting  ongoing 
opportunities  for  plant  introduction  into  the 
west. 

One  such  "new"  plant  is  Magnolia  zenii,  an 
extremely  rare,  endemic  tree  from  Jiangsu 
Province,  China.  It  was  first  collected  on 
March  31,  1933,  in  flower,  by  W.  C.  Cheng  in 
Chu-yun  Hsien  on  Mt.  Boa-hua  (Paohua),  at 
250-300  meters  in  elevation  and  described  by 
him  in  the  same  year.  The  tree  was  first 
brought  into  cultivation  at  the  Jiangsu  Insti- 
tute of  Botany  and  Botanical  Garden, 
Memorial  Sun  Yat-sen,  in  Nanjing.  In  October 
1980,  the  Director  of  this  institution,  Prof.  He 
Shan-an,  presented  seeds  collected  from  the 
only  known  wild  population  of  M.  zenii  to  Dr. 
Stephen  Spongberg  of  the  Arnold  Arboretum 
and  Dr.  T.  R.  Dudley  of  the  United  States 
National  Arboretum,  who  were  visiting 
China  at  the  time  as  members  of  the  first 
Sino-American  Botanical  Expedition. 

Nine  seeds  were  given  to  Dr.  Spongberg,  of 
which  five  were  viable.  These  were  given  a 
three-month  cold  stratification  treatment, 
after  which  they  were  sown  in  the  Dana 
Greenhouses  of  the  Arnold  Arboretum  on 
February  10,  1981.  Four  seedlings  germinated 


within  a month  and  grew  vigorously  enough 
to  be  set  out  in  the  nursery  in  spring  1982.  In 
1984  the  largest  individual  was  planted  in 
front  of  the  Hunnewell  Visitor  Center  where 
it  has  continued  its  rapid  growth.  By  the  fall 
of  1987  this  individual  was  approximately  3.5 
meters  tall  and  had  set  about  a dozen  flower 
buds,  the  first  of  which  opened  on  March  30, 
1988.  It  has  flowered  again  this  year,  remark- 
ably opening  its  first  bud  again  on  March  30, 
producing  a total  of  49  flowers.  Its  three 
siblings,  planted  in  a much  more  exposed  site 


Magnolia  zenii  Cheng.  A.  a flowering  branch;  B.  a 
fruiting  branch;  C.  a flower  to  show  the  stamens  and 
carpels;  D.  a stamen;  E.  a mature  carpel;  F.  a seed. 
Note  the  nine  tepals.  From  Cheng,  1933. 
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along  Goldsmith  Brook,  have  not  fared  nearly 
as  well,  the  largest  being  only  about  2 meters 
tall.  No  doubt  the  shelter  afforded  by  the  Visi- 
tor Center  has  contributed  to  this  difference 
in  performance. 

According  to  Dr.  Frank  Santamour,  the  U.S. 
National  Arboretum  has  two  plants  of 
M.  zenii  raised  from  the  seed  presented  to  Dr. 


Dudley.  Both  are  now  growing  in  the  Arbore- 
tum's Asian  Valley  garden,  but  neither  of  them 
bloomed  in  1988.  This  makes  Arnold  Arbore- 
tum #1545-80-B  the  first  individual  of  its  spe- 
cies to  bloom  in  North  America,  and  perhaps 
the  first  to  bloom  anywhere  outside  of  China. 

The  flowers  of  M.  zenii  are  extremely 
fragrant,  and  the  tepals  (the  technical  term 


The  overall  habit  of  Magnolia  zenii,  in  flower,  April  1989.  Photo  by  Racz  and  Debreczy. 
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Magnolia  zenii  at  the  Arnold  Arboretum,  specimen 
1545-80-B,  in  flower  and  fruit,  1988.  Note  the  six 
tepals.  Drawing  by  Zsolt  Debreczy  and  Nora  Groh. 


used  to  describe  the  petal-like  parts  of  the 
typical  magnolia  flower)  are  marked  with  rose- 
purple  streaks  on  the  lower  half  of  their  outer 
surfaces.  Each  tepal,  when  fully  expanded,  is 
7 to  8 centimeters  long  and  2 to  3 centimeters 
wide.  Cheng's  original  description  states  that 
the  flowers  have  nine  tepals,  arranged  in  three 
whorls  of  three.  Flowers  produced  by 
1545-80-B  in  1988  and  1989,  however,  had  only 
six  or  seven  tepals.  This  sub-normal  number 
was  due  to  the  fact  that  on  all  of  the  flowers 
produced  by  the  Arboretum's  plant,  either  two 
or  three  of  the  innermost  whorl  of  three  tepals 
failed  to  expand  beyond  one  centimeter  in 
length.  It  will  be  interesting  to  see  if  this  ten- 
dency to  expand  less  than  the  full  comple- 
ment of  nine  tepals  persists  as  the  plant  ages. 

Magnolia  zenii  opens  its  flowers  very  early 
in  Boston,  about  two  weeks  before  M.  denu- 
data  and  about  three  weeks  before  either  M. 


kobus  or  M.  stellata.  While  such  precocious- 
ness does  not  bode  well  for  the  wide  horticul- 
tural use  of  the  species  in  eastern  North 
America  (where  destructive  spring  frosts  are 
the  rule  rather  than  the  exception),  M.  zenii 
may  possess  other  traits,  such  as  its 
pronounced  upright  habit  of  growth,  that  may 
turn  out  to  be  useful  in  future  magnolia 
hybidization. 

As  a juvenile  plant,  M.  zenii  roots  readily 
from  cuttings.  During  the  six  years  it  has  been 
under  propagation  at  the  Dana  Greenhouses, 
the  best  results  were  achieved  with  softwood 
cuttings,  approximately  15  centimeters  long, 
taken  between  June  15  and  30.  The  base  of 
each  cutting  was  dipped  for  five  seconds  in  a 
solution  of  5000  parts  per  million  IBA  dis- 
solved in  50%  ethyl  alcohol  and  50%  water, 
and  then  the  cuttings  were  placed  in  the 
greenhouse  under  intermittent  mist.  With 
this  treatment,  7 out  of  10  cuttings  rooted  in 
1982,  21  out  of  26  in  1985,  and  7 out  of  8 in 
1986.  These  rooted  cuttings  of  M.  zenii  have 
been  distributed  in  a limited  manner  by  the 
Arnold  Arboretum  since  1984. 
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Bamboos  at  the  Arnold  Arboretum— A Midwinter 
Performance  Evaluation 

Gary  L.  Roller 

This  unusual  group  of  plants  is  hardier  than  most  gardeners  think. 


Bamboos  are  woody,  evergreen  grasses  grown 
extensively  in  Asia  for  food  and  shelter,  as 
well  as  for  landscape  planting.  There  are 
believed  to  be  60  to  70  genera  and  approxi- 
mately 1,200  species  of  bamboo  worldwide, 
mostly  growing  in  warm  temperate  or  tropi- 
cal climates.  Only  one  species  is  native  to  the 
United  States,  Arundinaria  gigantea,  which 
has  a natural  range  from  Virginia,  Kentucky, 
and  southern  Ohio  to  the  Gulf  of  Mexico. 

Bamboo  has  been  cultivated  for  centuries 
in  Asia  and  is  revered  for  its  strength,  its  flex- 
ibility, and  its  utility.  The  fact  that  it  keeps 
its  uniform  green  color  throughout  the  year 
is  seen  as  expressing  virtue,  persistence,  and 
an  unyielding  spirit  in  the  face  of  severe  con- 
ditions. As  a result  of  these  qualities,  the 
Asian  people  have  used  them  extensively  in 
their  gardens  to  create  places  of  reflection, 
dedication,  and  withdrawal,  where  the 
rustling  sounds  of  the  stems  and  foliage  and 
the  fluttering  shadows  cast  by  the  leaves  can 
be  fully  appreciated. 

The  adaptability  of  bamboo  is  remarkable. 
In  nature  they  grow  in  plains,  hilly  areas,  and 
high-altitude  mountains,  and  in  all  soil  types 
except  those  that  are  excessivly  wet,  dry,  or 
alkaline.  In  the  northeastern  United  States, 
little  is  known  about  the  hardiness  of  Asian 
bamboos  or  their  growth  potential.  Mention 
the  word  bamboo  to  most  gardeners  and  they 
cringe  in  horror,  thinking  only  of  its  reputa- 
tion for  invasiveness  and  aggressiveness.  Few 
know  there  are  also  bamboos  that  are  only 
modest  growers  and  easily  kept  in  bounds. 


The  growth  rhythms  of  bamboo  are  differ- 
ent from  those  of  many  woody  plants.  As  the 
bamboo  shoot,  known  as  a culm,  emerges 
from  the  ground,  it  is  a fully  preformed  stem. 
It  has  the  diameter  it  will  always  have,  and 
it  displays  all  the  joints  that  will  make  up  the 
entire  length  of  the  culm.  Growth  is  strong 
and  vigorous,  and  culms  attain  their  full 
height  in  a few  weeks.  The  culm  never 
increases  in  height  or  diameter  even  though 
it  may  live  for  many  years.  The  great  strength 
and  toughness  of  the  bamboo  arise  from  its 
rhizome,  or  underground  stem,  which 
produces  the  new  sprouts  and  forms  the  struc- 
tural foundation  of  the  plant.  Bamboos  grow 
whenever  soil  and  air  temperatures  are  high 
enough  to  allow  for  such  activity.  When  the 
stem  is  expanding  above  ground,  the  rhizome 
is  dormant;  and  when  the  stem  is  fully  grown, 
the  rhizome  becomes  active.  After  planting, 
it  generally  takes  bamboos  three  to  five  grow- 
ing seasons  for  the  rhizome  system  to  develop 
enough  size  and  vigor  for  the  aerial  parts  of 
the  plant  to  achieve  their  full  size. 

Because  the  rhizome  system  densely 
invades  the  top  foot  of  soil,  bamboos  tend  to 
be  excellent  plants  for  protecting  the  earth  and 
preventing  soil  erosion.  Most  bamboo  rhi- 
zomes terminate  in  a sharp  point,  which 
facilitates  their  colonizations  of  new  ground, 
and  makes  them  extremely  difficult  to  con- 
tain in  the  garden.  They  can  penetrate  cracks 
in  concrete,  bricks,  or  rocks,  and  have  been 
reported  to  emerge  directly  through  asphalt. 
While  the  majority  of  bamboo  roots  and  rhi- 
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Selected  examples  of  culm  habit,  illustrated  diagra- 
matically.  (A)  Sasa  palmata;  (B)  Sinocalamus  beecheya- 
nus;  (C)  Phyllostachys  nigra;  (D)  Schizostachyum 
hainanense;  (E)  Dinochloa  scandens;  (F)  Sinocalamus 
affinis;  (G)  Bambusa  textilis;  (H)  Arundinaria  amabilis. 
Reprinted  with  permission  from  McClure,  1967. 


zomes  occupy  the  top  foot  of  soil,  a small  per- 
centage of  them  grow  deeper,  and  these  are  a 
major  impediment  to  effective  containment 
in  garden  settings.  I once  asked  a Japanese 
gardener  how  deep  a barrier  is  used  in  Japan 
to  contain  the  spread  of  a bamboo.  He  smiled, 
and  said  that  even  when  a concrete  barrier  a 
meter  and  a half  deep  is  installed,  many  bam- 
boos still  manage  to  escape. 

Since  most  species  of  bamboo  flower  only 
at  highly  infrequent  intervals,  there  is  a severe 
shortage  of  flowering  specimens  in  most 
botanical  herbaria.  This  lack  of  reproductive 
specimens  has  forced  botanists  to  define  many 
bamboo  species  solely  on  the  basis  of  their 


vegetative  characteristics.  Needless  to  say,  this 
situation  has  led  to  incredible  confusion  in 
the  botanical  literature.  Most  bamboos,  espe- 
cially those  that  are  widely  cultivated,  are 
listed  under  a wide  assortment  of  scientific 
names.  Without  a doubt,  many  of  the  names 
currently  used  at  the  Arnold  Arboretum  are 
not  the  most  up-to-date,  since  the  experts 
themselves  seldom  agree  about  the  correct 
name  for  a given  species. 

Arnold  Arboretum  bamboo  grows  without 
any  special  care  or  winter  protection.  New 
plantings  are  started  in  the  spring  using 
vigorous,  container-grown  stock.  This 
minimizes  root  disturbance  and  gives  the 
plants  the  entire  summer  to  become  estab- 
lished in  their  new  growing  environment. 
Bamboos  need  adequate  moisture  during  this 
period  of  establishment,  but  with  time  they 
become  more  drought  tolerant.  The  growth  of 
bamboo  can  be  stimulated  by  periodic  appli- 
cations of  balanced  fertilizer  in  April,  June, 
and  September.  Once  plantings  are  estab- 
lished, fertilizer  is  required  only  to  encourage 
crop  production  (for  the  commercial  bamboo 
shoots)  or  to  stimulate  greater  culm  diameter. 

The  Arboretum  Bamboos  in  Winter 

The  Arnold  Arboretum  has  grown  a few  bam- 
boos for  decades,  but  over  the  last  ten  years 
the  collection  has  been  expanded  to  the  point 
where  26  taxa  are  now  successfully  estab- 
lished out-of-doors.  When  we  began  adding  to 
our  collection  some  ten  years  ago,  I was  sure 
that  most  species  would  not  be  hardy  and  that 
harsh  winter  temperatures  would  restrain  the 
vigor  of  those  that  survived.  I now  realize  that 
many  species  are  not  only  fully  root  hardy,  but 
also  completely  top  hardy,  and  that  a great 
many  of  them,  once  established,  exhibit 
exuberant  growth.  I am  amazed  by  their 
toughness  and  their  tenacity,  and  fearful  of 
their  advances  now  that  many  have  thrived 
beyond  all  expectations.  As  a result  of  this 
experience,  the  Arnold  Arboretum  is  begin- 
ning to  establish  a track  record  of  how  bam- 
boos perform  in  our  New  England  climate, 
and  how  they  might  be  integrated  into  land- 
scape designs. 
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The  two  basic  types  of  bamboo  rhizome,  (A)  pachymoiph  or  clumping,  consisting  of  short,  thick  segments  that 
develop  relatively  close  to  the  parent  culm;  (B)  leptomorph  or  running,  consisting  of  long  slender  segments  that 
develop  relatively  far  from  the  parent  culm.  Reprinted  with  permission  from  McClure,  1967. 


Not  all  bamboos  are  evergreen  as  far  north 
as  Boston.  To  determine  which  ones  were,  I 
decided  to  make  a midwinter  observation  tour 
of  the  bamboos  growing  out-of-doors  at  the 
Arnold  Arboretum.  I made  my  tour  on  Febru- 
ary 8,  1989,  a sunny  day  with  a light  dusting 
of  snow,  and  temperatures  in  the  upper  twen- 
ties. As  I began  my  survey,  I looked  upon  the 
lack  of  evergreen  character  as  disadvantageous 
from  a landscape  design  standpoint.  Once  out 
on  the  grounds  inspecting  the  plants  closely, 
I found  many  with  foliage  bleached  to  beige, 
a warm  color  that  I found  to  be  an  attractive 
addition  to  the  dull  browns,  grays,  and  dark 
greens  of  the  New  England  winter  landscape. 
In  addition  I enjoyed  the  gentle  sounds  of 
leaves  brushing  against  one  another,  which 
seemed  to  create  the  illusion  of  endless 
whispering. 


So  that  the  reader  might  get  to  know  these 
plants,  I have  prepared  the  following  list  of 
Arboretum  bamboos,  along  with  a map  show- 
ing their  planting  locations  fp.  36).  The  best 
way  to  learn  about  bamboos  is  to  observe 
them  firsthand  through  several  seasonal 
changes.  The  notes  that  follow  are  based  on 
midwinter  characteristics,  and  readers  should 
note  that  the  summer  colors  are  green,  except 
for  the  variegated  or  colored  foliage  varieties. 

Arundinaria  humilis 

Mitford 

1352-83;  map  33-b-4 

Planted  March  1985.This  running  bamboo  is 
growing  in  light  shade  and  typical  acid  loam, 
with  excellent  water  and  air  drainage.  The 
vigorous,  upright  culms  are  4 to  6 feet  (1-2  m) 
tall  and  form  a dense  clump.  Foliage  is  40% 
green  and  60%  tawny  beige. 
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Arundinaria  pumila 

Mitford 

1353-83;  map  27-b-3 


Arundinaria  viridi-striata 

(Sieb.)  Makino 
22510;  map  15-c 


Planted  March  1985.  This  plant  is  growing  in 
typical  acid  loam,  with  excellent  water  and 
air  drainage.  The  culms  are  4 to  6 feet  (1-2  m) 
tall,  with  a somewhat  rangy  habit  due  to 
crowding  by  a neighboring  plant.  The  foliage 
is  95%  beige  and  5%  green. 

Arundinaria  pygmaea 

Asch.  Graebn. 

262-85;  map  33-d-2 

Planted  March  1985.  This  species  is  growing 
in  full  sun  to  light  shade,  in  acid  soil  with 
excellent  water  and  air  drainage.  The  culms 
stand  2 to  3 feet  (0.5-1  m)  tall  and  are  densely 
crowded  together.  The  plant  is  extremely  inva- 
sive and  forms  a good  ground  cover  when 
planted  in  a mass.  The  foliage  is  100%  beige. 

Arundinaria  simonii 

A.  <St  C.  Riv. 

"Simon  Bamboo" 

1357-83;  map  27-b-3 

Planted  March  1985.  This  bamboo  is  growing 
in  the  middle  of  a bed  of  English  ivy,  in  moder- 
ate shade,  and  in  dry,  gravelly  soil.  It  is  a weak 
grower,  with  culms  growing  only  about  1 foot 
(0.3  m)  tall.  This  lack  of  vigor  is  probably  due 
to  insufficient  cultural  support  rather  than  to 
lack  of  hardiness.  Foliage  is  100%  beige. 

Arundinaria  variegata 

(Sieb.)  Makino 

"Dwarf  Whitestripe  Bamboo" 

474-86;  map  32-c-l 

Planted  spring  1986.  This  bamboo  is  growing 
in  dry  soil  with  sharp  drainage,  in  the  shade 
of  a large  specimen  of  Franklinia  alatamaha. 
This  is  one  of  the  most  desirable  of  the  dwarf 
variegated  bamboos  with  culms  that  stand  1 
to  2 feet  (0.5  m)  tall  and  form  a small  dense 
clump.  The  foliage  is  tawny  brown. 


Planted  in  the  early  1900's,  this  bamboo  is 
growing  in  a bottomland  situation  with  ade- 
quate moisture  throughout  the  year.  The 
plant  has  spread  vigorously  and  occupies  a 
large  area.  Growth  is  restrained  by  mowing  the 
lawn  around  it.  Culms  are  3 feet  (1  m)  tall  and 
the  foliage  is  tawny  beige  with  no  sign  of 
green.  The  plant  would  be  taller  if  it  were  not 
cut  to  the  ground  annually  with  a rotary 
mower.  This  planting  has  a handsome  winter 
appearance  in  contrast  to  the  drab  grays  and 
browns  of  the  surrounding  lawn  and  woods. 
This  plant  adapts  well  to  underplantings  of 
bulbs  such  as  Galanthus,  Scilla,  Chionodoxa 
and  Puschkinia. 


A female  giant  panda  feeding  on  the  shoots  of  a Farge- 
sia  bamboo  in  its  native  habitat  in  the  Wolong 
Reserve  in  central  China.  Photo  courtesy  of  George 
B.  Shaller. 
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Fargesia  spathacea 

Franchet 

{ = Sinarundinaria  murielae  and 
Thamnocalamus  spathaceus) 

"Umbrella  Bamboo" 

851-81;  map  32-C-2 

Planted  spring  1981.  This  elegant  bamboo  is 
growing  in  full  sun  and  typical  acid  loam  with 
excellent  water  and  air  drainage.  The  culms 
stand  6 to  9 feet  (2-3  m)  tall  and  form  a large, 
non-invasive  clump  with  a graceful  fountain- 
like habit.  The  edge  of  each  leaf  is  beige- 
colored,  while  the  central  portion  is  bright 
green,  creating  a delicate  texture  in  the  winter 
landscape.  This  species  is  very  hardy  and  has 
been  cultivated  at  the  Arnold  Arboretum 
since  1960.  In  China,  the  umbrella  bamboo 
grows  at  elevations  between  3,000  and  10,000 
feet  (1000-3000  m),  and  is  often  an  important 
food  item  in  the  diet  of  the  giant  panda. 


Fargesia  spathacea  in  its  native  habitat  in  Fang  Hsien, 
China,  at  8000  feet  (2500  m).  The  plants  ate  10-15  feet 
(4-5  m)  high  with  yellow  culms.  This  photo  was  taken 
by  E.  H.  Wilson  on  fune  19,  1910,  and  labeled  Arun- 
dinaria  murielae. 


Phyllostachys  aureosulcata 

McClure 

"Yellowgroove  Bamboo" 

707-77;  map  32-a-3 

Planted  March  1985.  This  bamboo  is  growing 
in  full  sun  and  typical  acid  loam  with  good 
water  and  air  drainage.  The  culms  are  10  to 
12  feet  (3-4  m)  tall  and  stiffly  upright.  They 
are  bright  green,  marked  with  a yellow  groove. 
The  plant  is  well  established  and  shows 
vigorous  spreading  tendencies.  The  foliage  is 
nearly  100%  green. 

Phyllostachys  bambusoides 

Sieb.  & Zucc. 

"Giant  Timber  Bamboo" 

369-80,  490-80;  map  50-c 

Planted  spring  1980.  This  species  is  growing 
in  light  shade  and  poor-quality  dry  soil.  It  is 
completely  exposed  to  winter  winds.  The 
culms  are  6 to  9 feet  (2-3  m)  tall  and  display 
little  vigor  and  little  spread.  The  foliage  is 
100%  tan  in  color. 

Phyllostachys  bissetii 

McClure 

1405-84;  map  27-b-2 

Planted  July  1985.  This  bamboo  is  growing  in 
moderate  shade  and  dry  soil.  The  culms  are 
1 foot  (0.3  m)  tall  and  lack  vigor,  possibly  due 
to  the  fact  that  the  plant  was  pulled  up  by  van- 
dals shortly  after  planting.  Foliage  is  80% 
beige  and  20%  green. 

Phyllostachys  congesta 

Rendle 

371-80;  map  50-c 

Planted  spring  1980.  This  bamboo  is  growing 
in  full  sun  and  poor-quality  dry  soil  with  full 
exposure  to  winter  winds.  The  culms  are  6 to 
9 feet  (2-3  m)  tall  and  stiffly  upright.  The 
foliage  is  95%  green  and  is  very  attractive  in 
the  winter. 
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Phyllostachys  dulcis 

McClure 

"Sweetshoot  Bamboo" 

405-68;  map  16-d 

Planted  spring  1970.  This  bamboo  is  growing 
in  light  to  moderate  shade  in  rich,  moist  bot- 
tomland soil.  The  upright  culms  are  10  to  12 
feet  (3-4  m)  tall,  vigorously  spreading,  and 
have  formed  a dense  impenetrable  thicket. 
The  new  shoots  of  this  species  are  considered 
a delicacy  by  the  Chinese. 

Phyllostachys  flexuosa 

A.  & C.  Riv. 

373- 80  and  532-80;  maps  50-c  and  32-c-l 

Planted  spring  1980.  This  bamboo  is  growing 
in  full  sun  and  moist,  rich  soil  at  one  site  and 
poor,  dry  soil  at  the  other.  Those  plants  in  the 
better  soil  have  become  our  most  vigorous 
bamboo,  spreading  rapidly  and  occupying  a 
large  area.  The  culms  are  12  to  15  feet  (4-5  m) 
tall  and  broadly  arching,  presenting  a very 
graceful  appearance.  The  foliage  is  95%  green 
with  only  light  winter  damage  on  the  sunny 
side  of  the  clump.  The  leaves  remain  fully 
green  until  early  spring  when,  in  response  to 
the  brighter  light  and  warmer  temperatures, 
they  turn  beige. 

Phyllostachys  makinoi 

Hayata 

374- 80;  map  50-c 

Planted  spring  1980.  This  bamboo  is  growing 
in  light  shade  and  poor-quality  dry  soil,  fully 
exposed  to  the  winter  wind.  The  culms  are  6 
feet  (2  m)  tall,  and  the  foliage  moderately 
green  with  some  beige  around  the  edges.  The 
plant  is  not  particularly  vigorous. 

Phyllostachys  meyeri 

McClure 

375- 80;  map  50-c 
"Meyer  Bamboo" 

Planted  spring  1980.  This  Chinese  bamboo  is 
growing  in  full  sun  in  moist,  well-drained  soil. 


At  the  edge  of  the  clump,  the  culms  average 
6 feet  (2  m)  tall,  rising  to  12  feet  (4  m)  in  the 
center.  A moderate  to  strong  grower;  all  the 
outer  leaves  are  tan,  while  the  inner  ones 
retain  some  green. 

Phyllostachys  nidularia 

Munro 

376-80;  map  50-c 

Planted  spring  1980.  This  bamboo  is  growing 
in  light  shade  and  poor-quality  dry  soil,  fully 
exposed  to  the  winter  wind.  The  culms  are  6 
to  9 feet  (2-3  m)  tall,  and  all  the  leaves  are  tan. 
The  plant  is  not  vigorous. 

Phyllostachys  nigra  'Hale' 

(Lodd.)  Munro 

"Dwarf  Blackstem  Bamboo" 

492-80;  map  32-C-2,  32-C-4 

Planted  spring  1981.  This  distinctive  bamboo, 
with  black  canes,  is  growing  in  full  sun  and 
typical  acid  loam.  A strong  grower,  it  has 
spread  over  a sizable  area.  The  vigorous  culms 
grow  up  to  6 feet  (2  m)  tall  and  are  somewhat 
reflexed  in  their  habit.  In  their  second  year, 
they  turn  a beautiful  jet-black  color.  The 
foliage  is  50%  tan  and  50%  green.  Normally 
the  culms  of  this  species  develop  their  black 
stems  in  their  second  year,  but  the  culms  of 
the  cultivar  'Hale'  color  during  their  first 
season. 

Phyllostachys  nuda 

McClure 
369-85;  map  49-d 

Planted  spring  1987.  This  bamboo  is  growing 
in  light  to  moderate  shade  in  a rich,  moist 
soil.  The  culms  are  6 feet  (2  m)  tall  and 
upright  in  habit.  The  foliage  is  all  green  with 
very  little  tan.  According  to  reports,  this  is  the 
hardiest  of  the  phyllostachid  bamboos, 
perhaps  because  of  its  ability  to  drop  all  its 
leaves  in  response  to  extreme  winters. 
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Phyllostachys  viridis 

(Young)  McClure 
380-80;  map  50-c 

Planted  spring  1980.  This  bamboo  is  growing 
in  ball  sun  and  poor  dry  soil,  bally  exposed  to 
winter  winds.  The  culms  are  8 to  10  feet  (2-3 
m)  tall.  The  leaves  are  mostly  green,  with 
beige  around  the  edges.  The  plant  does  not 
appear  to  be  particularly  vigorous. 


The  rhizome  of  Phyllostachys  viridis.  Reprinted  with 
permission  from  McClure,  1967. 


Pseudosasa  japonica 

(Sieb.  & Zucc.)  Makino 
"Arrow  Bamboo" 

382-80,  1355-83;  maps  16-d  and  27-b-l 

Planted  March  1984.  This  bamboo  is  growing 
in  light  shade  and  poor-quality  dry  soil.  The 
culms  are  about  3 feet  (1  m)  tall  and  form  a 
dense  clump.  The  foliage  is  all  tawny  beige 
and  extremely  handsome  in  appearance. 

Pseudosasa  japonica  var. 
tsutsumiana 

Yanagita 

1356-83;  map  27-b-l 

Planted  March  1985.  This  slow-growing  bam- 
boo is  planted  in  light  shade  and  poor-quality 
dry  soil.  The  culms  are  about  2 feet  (0.6  m) 
tall  and  form  a small,  dense  clump.  The 
foliage  is  95%  beige.  The  winter  foliage  on 
this  cultivar  is  not  as  attractive  as  that  of  the 
species. 


Sasa  palmata 

(Marliac)  Nakai 
17578;  map  16-d 

Planted  in  1891  with  stock  from  Sapporo, 
Japan.  This  very  hardy  bamboo  is  growing  in 
a moist  shady  bottomland.  The  plant  has 
formed  a large,  dense  colony  with  culms  6 to 
8 feet  (2-3  m)  tall.  The  thick,  leathery  leaves 
are  about  15  inches  (0.2  m)  long  and  3 inches 
(0.07  m)  wide,  giving  the  plant  a bold,  tropi- 
cal appearance.  An  extremely  hardy,  rapidly 
spreading  bamboo.  About  one-third  of  the 
Arboretum's  colony  flowered  in  May  1977,  fol- 
lowing a brush  fire  that  occurred  in  1976.  The 
planting  died  back  after  flowering,  and  took 
about  five  years  to  recover. 

Sasa  tessellata 

(Munro)  Mak.  & Shib. 

1354-83;  map  33-b-4 

Planted  March  1985.  This  bamboo  is  growing 
in  light  shade  and  typical  acid  loam  with  good 
water  and  air  drainage.  The  culms  are  4 to  6 
feet  (1.5-2  m)  tall,  and  have  formed  a dense 
colony  that  is  spreading  vigorously.  This  plant 
produces  the  largest  leaves  of  any  bamboo 
growing  at  the  Arnold  Arboretum,  24  inches 
(0.6  m)  long  and  4 inches  (0.1  m)  wide.  They 
are  90%  green  in  winter. 

Sasa  veitchii 

(Carr.)  Rehd. 

"Kumazasa" 

1390-78;  mapl-a,  2-b) 

Planted  spring  1983.  This  bamboo  is  growing 
in  moderate  shade  and  moist  soil.  The  culms 
stand  18  inches  (0.5  m)  tall  and  are  spreading 
slowly.  The  foliage  is  75%  beige  and  25% 
green.  On  many  of  the  leaves  one  can  still 
detect  the  characteristic  marginal  stripe  as  a 
different  shade  of  beige.  During  summer  the 
foliage  is  solid  green,  but  in  early  October  a 
tan  border  develops  along  the  margin  of  each 
leaf.  From  this  point,  through  the  following 
spring,  the  plant  is  visually  most  attractive. 
This  species  is  used  extensively  in  Japanese 
garden  design  (see  inside  front  cover). 
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Sasa  veitchii.  A portion  of  a plant  showing  the  rhi- 
zome, the  diffuse  clump  habit,  and  the  leafy  culm 
with  determinate  inflorescences.  Reprinted  with  per- 
mission from  McClure,  1967. 


Semiarundinaria  fastuosa 

(Marl.)  Makino 
"Narihira  Bamboo" 

263-85;  map  32-c-l 

Planted  March  1985.  This  bamboo  is  growing 
in  full  sun  and  rich,  well-drained  soil.  The 
culms  are  6 to  8 feet  (2-3  m)  tall  and  very 
straight.  This  plant  is  a strong  runner.  The 
leaves  are  mostly  green  toward  the  interior  of 
the  clump. 


Shibataea  kumasaca 

(Zoll.)  Nakai 
"Okamezasa" 

264-85;  map  33-b-4 

Planted  March  1985.  This  bamboo  is  growing 
in  full  sun  to  light  shade,  in  typical  acid  loam 
with  excellent  water  and  air  drainage.  The 
culms  are  2 to  3 feet  (0.7-1  m)  tall,  but  many 
of  them  have  been  bent  over  by  ice  and  snow. 
The  plant  is  a slow  but  steady  spreader,  even- 
tually forming  a dense  clump.  The  foliage  is 
90%  green. 
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The  history  of  these  majestic  plants  goes  back  to  the  Tbkugawa  Period  in 
Japan  some  400  years  ago. 


The  practice  of  growing  plants  in  containers 
has  a long  history  and  is  documented  in  the 
writing  and  painting  of  various  ancient  civili- 
zations, including  the  Egyptian,  the  Hindu, 
the  Greek  and  the  Roman.  But  it  was  with  the 
ancient  Chinese  that  the  idea  of  miniaturiz- 
ing trees  for  ornamental  purposes  seems  to 
have  originated  around  a.d.  200.  From  China, 
the  practice  spread  to  Japan,  probably  during 
the  Heian  Period  (782-1185). 

During  the  peaceful  and  prosperous 
Tokugawa  Period  of  Japanese  history 
(1603-1867),  which  began  when  the  seat  of  the 
Tokugawa  shogunate  was  moved  from  Kyoto 
to  Edo  (Tokyo),  the  arts  and  crafts  relating  to 
landscape  gardening  reached  new  heights. 
Many  of  the  great  Japanese  gardens  that  still 
exist  today  were  established  during  this 
period,  and  the  selection  and  cultivation  of 
native  Japanese  plants,  such  as  azaleas  and 
maples,  reached  new  heights  (Harada,  1928). 

Growing  dwarf  plants  in  containers  was 
popular  during  the  Tokugawa  Period,  but  by 
modern  bonsai  standards  such  specimens 
would  be  considered  too  large  and  their  con- 
tainers too  deep.  The  styles  of  the  day  were 
distinctive,  with  the  so-called  tako  or  "octo- 
pus" shape  being  particularly  common.  Dur- 
ing the  Tokugawa  Period,  the  word 
hachi-no-ki,  meaning  a "tree  in  a pot,"  was 
used  to  describe  dwarf  potted  trees.  The  term 
bonsai,  literally  meaning  "planted  in  a con- 
tainer," does  not  seem  to  have  come  into  wide 


use  until  the  late  1800's,  during  the  Meiji 
Period  (1867-1912). 

In  general,  bonsai  is  considered  an  art  form, 
with  high  aesthetic  aspirations,  while  hachi- 
no-ki  is  considered  primarily  decorative  in  its 
function.  Bonsai  styles  are  characterized  by 
miniaturized  trees  with  natural  shapes,  grow- 
ing in  shallow  trays.  Bonsai  masters  derive 
their  inspiration  from  nature,  and  the  drastic 
training  techniques  they  employ  are  intended 
to  enhance  the  intrinsic  beauty  of  the  plant. 
Ultimately  Japanese  bonsai  idealizes  nature 
in  order  to  achieve  the  philosophical  goals  of 
truth  and  beauty. 

In  common  usage  in  the  West,  the  word 
bonsai  has  been  popularized  to  mean  any 
ornamental  plant  that  is  dwarfed  by  means  of 
pruning  and  by  being  grown  in  a small  con- 
tainer. It  is  in  this  generalized,  non- 
philosophical  sense  that  bonsai  will  be  used 
throughout  the  remainder  of  this  article. 

The  Larz  Anderson  Collection 

The  dwarf  trees  that  make  up  the  Larz  Ander- 
son Collection  were  imported  into  the  United 
States  by  the  Honorable  Larz  Anderson  in 
1913,  upon  his  return  from  serving  as  ambas- 
sador to  Japan.  While  these  plants  are  not  the 
oldest  bonsai  in  the  United  States,  they  have 
probably  been  under  cultivation  in  North 
America  longer  than  any  other  bonsai  alive 
today.  To  be  sure,  Japanese  bonsai  had  been 
imported  into  the  United  States  prior  to  1913, 
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“A  rare  specimen  of  dwarfed  Thuja  obtusa  (400  years  old).  A relic  of  the  Tokugawa 
Era.”  Illustration  from  the  1905  catalogue  of  the  Yokohama  Nursery  Company. 


as  evidenced  by  an  auction  catalogue  from 
1904,  discovered  in  the  library  of  the  Arnold 
Arboretum.  This  sale,  sponsored  by  the  "S.  M. 
Japanese  Nursery  Co."  of  West  Orange,  New 
Jersey,  put  some  600  plants  on  the  auction 
block  in  New  York  City  over  a three-day 
period  (May  4,  5,  and  6,  1904).  Similar  events 
were  probably  held  in  other  major  U.S.  cities, 
such  as  Boston,  with  ports  actively  engaged 
in  trade  with  the  Orient  (Long,  1971),  but  few, 
if  any,  of  these  auction  plants  seem  to  have 
survived  the  ravages  of  time. 

It  is  particularly  interesting  to  note  that  the 
S.M.  Japanese  Nursery  display  of  bonsai  ante- 
dates by  five  years  an  exhibit  held  in  London 
in  1909,  which  is  often  described  as  the  first 
bonsai  exhibition  outside  the  Orient 
(Yoshimura  and  Halford,  1957;  Koreshoff, 
1984).  Indeed,  as  far  as  the  author  could  deter- 
mine, the  date  of  the  first  public  bonsai  dis- 


play outside  Japan  occurred  in  Paris  in  1878, 
during  the  famous  Universal  Exposition, 
thirty-one  years  before  the  London  exhibition 
(Carrier,  1889;  Maumene,  1902). 

Anderson  purchased  his  trees  in  1913  from 
the  Yokohama  Nursery  Company,  which  was 
started  by  the  father  and  son,  Uhei  and 
Hamakichi  Suzuki.'  The  Yokohama  Nursery 
Company  catalogues  from  1901  to  1922  are 
impressive  documents,  beautifully  illustrated 
with  colored  plates,  line  drawings,  and  pho- 
tographs. Under  the  section  titled  "Dwarf 
Trees  Growing  in  Jardinieres,"  the  catalogues 
show  pictures  of  ancient  specimens  of  the 
hinoki  cypress,  Chamaecyparis  obtusa,  simi- 
lar to  those  that  are  now  part  of  the  Larz 
Anderson  Collection,  captioned  "Relics  of  the 
Tokugawa  Era,"  and  provide  lengthy  instruc- 
tions on  how  to  care  for  the  plants  (see  Appen- 
dix, p.  36).  Exactly  how  much  Anderson  paid 
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for  his  plants  is  not  known,  but  the  1913-14 
edition  of  the  catalogue  lists  the  prices  as 
ranging  from  one  to  fifty  dollars  ("in  U.S. 
gold").  No  doubt  the  older  the  plant,  the 
greater  the  cost. 

Larz  Anderson 

Larz  Anderson  was  born  in  Paris  in  1866, 
while  his  parents  were  visiting  Europe.  Origi- 
nally from  Cincinnati,  Ohio,  the  Andersons 
traveled  to  Europe  frequently  and  eventually 
moved  to  Washington,  D.C.  As  a boy  Larz 
attended  a number  of  different  schools  and 
was  tutored  privately.  Anderson  enrolled  in 
Harvard  College  and  graduated  in  June  1888. 
Two  months  later,  he  set  out  on  a trip  around 
the  world.  The  journey  lasted  two  years  and 
included  his  first  visit  to  Japan. 

After  serving  in  the  military  and  holding  a 
variety  of  diplomatic  posts  in  Europe,  he 
returned  to  Japan  in  1912  as  "Ambassador 


extraordinary  and  plenipotentiary."  Anderson 
held  this  post  for  only  six  months,  resigning 
in  March  1913,  with  the  change  from  the 
Republican  Taft  administration  to  the 
Democratic  Wilson  administration.  This  was 
the  last  official  diplomatic  position  that 
Anderson  held. 

Anderson  married  Isabel  Perkins  of  Brook- 
line, Massachusetts,  in  1897.  Isabel  seemed 
to  enjoy  traveling  as  much  as  her  diplomat 
husband  did,  writing  no  less  than  seven  trave- 
logues about  her  experiences.  Isabel's  family 
home  in  Brookline  was  called  "Weld"  (her 
mother's  maiden  name),  and  it  served  as  the 
Anderson's  country  house  during  the  summer 
months.  As  befits  a diplomatic  couple,  the 
Andersons  made  Washington,  D.C.,  their 
primary  home. 

The  part  of  Brookline  where  "Weld"  was 
located,  in  the  vicinity  of  Jamaica  Pond,  was 
one  of  the  centers  of  American  horticultural 


“Arbor  of  the  Yokohama  Nursery  Company.”  Illustration  from  the  1908  catalogue. 
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"Chamaecyparis  obtusa  vai.  nana  Can.  Genuine  dwarf  tree  about  70  years  old.  Value  50  yen.  Grounds  of  the 
Yokohama  Nursery  Co.,  June  7 , 1918."  Photo  by  E.H.  Wilson,  N-507,  Archives  of  the  Arnold  Arboretum. 
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activity  from  the  early  1800's  up  until  the 
1930's.  The  estates  of  Col.  William  Perkins, 
Thomas  Lee,  and  Francis  Parkman,  the 
historian,  were  showpieces  of  their  time.  Later 
C.  S.  Sargent,  H.  H.  Richardson,  and  F.  L. 
Olmsted  acquired  property  in  the  area,  and 
the  Arnold  Arboretum  was  established  nearby 
in  1872.  In  the  now  classic  1841  edition  of  The 
Theory  and  Practice  of  Landscape  Gardening, 
Andrew  Jackson  Downing  described  the  area 
this  way: 


The  whole  of  this  neighborhood  of  Brookline  is  a 
kind  of  landscape  garden,  and  there  is  nothing  in 
America  of  the  sort,  so  inexpressibly  charming  as 
the  lanes  which  lead  from  one  cottage,  or  villa,  to 
another.  No  animals  are  allowed  to  run  at  large,  and 
the  open  gates,  with  tempting  vistas  and  glimpses 
under  the  pendent  boughs,  give  it  quite  an  Arcadian 
air  of  rural  freedom  and  enjoyment.  These  lanes  are 
clothed  with  a profusion  of  trees  and  wild  shrubbery, 
often  almost  to  the  carriage  tracks,  and  curve  and 
wind  about,  in  a manner  quite  bewildering  to  the 
stranger  who  attempts  to  thread  them  alone;  and 
there  are  more  hints  here  for  the  lover  of  the  pic- 


Ambassador  and  Mrs.  Larz  Anderson.  Portrait  by  Philip  de  Laszlo.  Illustration 
from  Larz  Anderson,  Letters  and  Journals  of  a Diplomat,  edited  by  Isabel 
Anderson. 
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turesque  in  lanes  than  we  ever  saw  assembled 
together  in  so  small  a compass,  (pp.  40-41) 

"Weld"  was  famous  in  horticultural  circles 
long  before  Anderson  became  involved  in 
Japanese  horticulture.  The  gardens,  designed 
by  Charles  A.  Platt,  were  featured  in  the 
March  12,  1904,  issue  of  Town  and  Country. 
The  accompanying  photographs  show  a lav- 
ishly ornate  series  of  terraces  laid  out  in  a for- 
mal European  style.  Following  Isabel's  death 


in  1949,  "Weld"  was  donated  to  the  Town  of 
Brookline  and  is  now  called  Larz  Anderson 
Park,  best  known  for  its  collection  of  antique 
cars.  Very  little  remains  of  the  once  glorious 
gardens. 

The  Japanese  Connection 

Larz  Anderson's  interest  in  things  Japanese 
predated  his  assignment  as  ambassador  to 
that  country.  In  1907,  he  built  a Japanese 
garden  at  "Weld,"  and  before  that,  in  1889,  he 


“The  bosquet  at  the  end  of  the  garden,  the  pergola,  flower  draped,  the  marble  balustrade,  the  wall  fountain 
and  the  great  Ludovisi  jars.’’  Note  the  parrot  in  the  center  of  the  picture.  Illustration  from  the  article  on 
the  gardens  at  Anderson’s  estate,  “Weld,”  in  the  March  12,  1904,  issue  of  Town  and  Country. 
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Chamaecyparis  obtusa  on  display  at  “Weld.”  Note  how  wires  were  used 
to  hold  the  branches  in  a horizontal  position.  Illustration  from  a House 
Beautiful  article  that  appeared  in  June  1933. 


brought  two  dwarf  maples  back  from  his  first 
trip  to  Japan.  But  it  was  in  1913  that  he 
became  enchanted  with  bonsai.  His  journal 
entry  for  February  1,  1913,  shows  this  clearly: 

About  us  were  dwarf  trees  of  fantastic  shape  and 
stunted  plum  in  fragrant  bloom,  white  and  pink,  and 
gnarled  trees  hundreds  of  years  old  with  branches 
blossoming  out  of  seemingly  dead  trunks  in  pots  of 
beautiful  form  and  color.  Isabel  and  I stopped  so  long 
in  this  little  fairy  place  that  we  had  to  drive  like  the 
dickens  through  the  congested  streets  of  endless  vil- 
lages to  Yokohama,  which  we  reached  without  dis- 
aster in  a little  over  an  hour,  in  time  for  one  o'clock 
luncheon,  (p.  384) 

Anderson  must  have  purchased  at  least 
forty  plants  from  the  Yokohama  Nursery 
Company  shortly  after  this  experience,  since 
he  returned  to  the  United  States  a little  more 
than  a month  later,  on  March  6.  The  purchase 
of  these  bonsai  marked  the  start  of  Anderson's 
serious  commitment  to  Japanese  horticulture. 
Not  only  were  the  plants  themselves  expen- 


sive to  import  but,  once  in  the  United  States, 
they  had  to  be  maintained  by  gardeners 
knowledgeable  in  the  techniques  of  bonsai. 
Given  the  total  lack  of  such  knowledge  among 
Americans  of  the  time,  Anderson  was  forced 
to  hire  a succession  of  Japanese  gardeners  to 
take  care  of  the  plants.  The  most  famous  of 
them  was  Rainosuke  Awano,  who  maintained 
the  collection  while  studying  for  his  doctorate 
in  philosophy  at  Columbia  University. 

On  at  least  two  occasions,  Larz  Anderson 
put  his  collection  on  public  display:  at  the 
1916  spring  flower  show  of  the  Massachusetts 
Horticultural  Society,  and  again  in  November 
1933  when  the  M.H.S.  sponsored  a show  of 
chrysanthemums  and  Japanese  dwarf  trees.  A 
popular  article  about  the  Larz  Anderson 
bonsai  collection  appeared  in  the  June  1933 
edition  of  House  Beautiful,  featuring  photo- 
graphs of  the  plants  and  an  interview  with 
Awano.  The  author's  anthropomorphic 
approach  to  her  subject  matter  is  obvious: 
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It  seems  unholy  to  move  such  venerable  patriarchs 
from  the  land  where  they  have  lived  so  long  in  medi- 
tation and  repose.  But  they  are  here,  nevertheless, 
in  this  country  which  was  a wilderness  when  they 
and  their  art  had  reached  a high  degree  of  elegance 
and  culture.  And  on  the  wide  green  terrace  before 
the  stately  Brookline  home  of  Mr.  Larz  Anderson, 
noted  statesman  and  scholar,  these  noble  trees, 
samurai  of  their  realm,  seem  quite  at  home.  That 
may  be  because  adaptability  is  a quality  of  the  nobly 
born. 

Following  Anderson's  death  in  April  1937, 
Isabel  Anderson  donated  the  major  portion  of 
the  collection  (thirty  plants)  to  the  Arnold 
Arboretum,  along  with  the  funds  necessary  to 
build  a shade  house  for  their  display.  This  was 
situated  on  the  grounds  of  the  old  Bussey 
Institution,  now  occupied  by  the  Mas- 
sachusetts State  Testing  Laboratories  on  the 
southeastern  boundary  of  the  Arboretum. 


In  1949,  following  Isabel  Anderson's  death, 
the  remaining  nine  plants  in  the  collection 
were  donated  to  the  Arboretum,  including  one 
that  the  Andersons  considered  the  most  spe- 
cial of  all,  an  eighty-year-old  hinoki  cypress 
that  had  been  given  to  them  by  "The  Imperial 
Household"  shortly  before  they  left  Japan. 

Bonsai  at  the  Arnold  Arboretum 

Unfortunately,  the  Larz  Anderson  Collection 
did  not  continue  to  get  the  attention  of 
knowledgeable  Japanese  gardeners  following 
its  donation  to  the  Arboretum.  The  staff  did 
the  best  it  could  with  its  limited  knowledge 
of  how  to  take  care  of  bonsai  and  the  limited 
financial  resources  of  the  Depression  era. 
Additional  stress  was  put  on  the  collection  by 
the  practice  of  periodically  forcing  it  into  early 
growth  for  the  spring  flower  show  of  the  Mas- 


The  Larz  Anderson  Collection  of  Japanese  dwarf  trees  at  the  Arnold  Arboretum,  May  1938.  Photo  by  Donald 
Wyman,  Archives  of  the  Arnold  Arboretum. 
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sachusetts  Horticultural  Society.  While  this 
made  for  a spectacular  display,  it  seriously 
weakened  the  collection  and  contributed  to 
its  general  decline  (Wyman,  1964).  As  a result 
of  these  factors,  the  collection  shrank  from 
the  original  thirty-nine  plants  to  twenty-seven 
in  1962.  Included  among  the  casualties  was 
the  hinoki  that  had  been  the  Japanese 
emperor's  gift  to  the  Andersons. 

Things  began  looking  up  for  the  collection 
in  1962  when  work  on  the  Charles  Stratton 
Dana  Greenhouses  of  the  Arnold  Arboretum 
was  completed.  This  new  facility  included  an 
attractive  hexagonal  redwood  lath  house  for 
displaying  the  collection  during  the  growing 
season  and  a concrete-block  cold-storage  unit 
for  winter  protection.  The  construction  of  this 
building,  which  maintains  temperatures 
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Constance  Derderian  and  Hank  Goodell  repotting 
one  of  the  Larz  Anderson  bonsai  in  1969.  Photo  by 
P.  Burns,  from  the  Archives  of  the  Arnold  Arboretum. 


between  33  and  35  degrees  Fahrenheit, 
brought  an  end  to  the  practice  of  "plunging" 
the  pots  in  the  ground  for  the  winter.  Not  only 
was  this  practice  dangerous  to  the  health  of 
the  plants,  but  the  consequent  freezing  of  the 
root  ball  cracked  many  of  the  original  Japanese 
containers. 

Another  positive  turn  of  events  for  the  col- 
lection occurred  in  1969  when  Constance 
Derderian  of  Watertown,  Massachusetts,  was 
made  curator.  Connie  had  been  teaching 
courses  in  bonsai  at  the  Arboretum  for  several 
years  prior  to  her  appointment,  and  was  well 
known  to  the  greenhouse  staff.  Her  own  words 
describe  how  she  became  involved  with  the 
plants: 

Perhaps  because  I was  the  only  Bostonian  who,  for 
almost  ten  years,  had  steadily  pursued  the  study  of 
bonsai  in  the  United  States  and  in  Japan,  in  1969, 
through  the  efforts  of  Mr.  Alfred  Fordham,  Dr. 
Donald  Wyman  asked  me  to  repot  the  Anderson  col- 
lection of  bonsai.  I did  and  began  a program  to  renew 
the  vigor  and  beauty  of  these  venerable  trees.  Dr. 
Richard  A.  Howard,  director,  pleased  with  the  ini- 
tial effort,  had  me  appointed  Honorary  Curator  of 
the  Bonsai  Collection. 

Working  patiently  and  with  a clear  sense  of 
purpose,  Connie  began  the  long  process  of 
revitalizing  the  collection  after  years  of 
neglect.  She  continued  to  care  for  the  collec- 
tion until  1984  when  her  failing  health  forced 
her  to  resign  the  curatorship.  The  author,  hav- 
ing worked  as  her  apprentice  since  1979, 
became  the  new  curator  the  year  she  resigned. 

Over  the  Columbus  Day  weekend  in  1986, 
a break-in  occurred  at  the  bonsai  house,  and 
six  plants  were  stolen,  including  three 
Japanese  maples  that  were  part  of  the  origi- 
nal Larz  Anderson  Collection.  Spurred  on  by 
this  disaster,  the  Arnold  Arboretum  Associ- 
ates decided  to  finance  a renovation  of  the 
deteriorating  bonsai  house  in  the  spring  of 
1987,  replacing  the  rotting  redwood  planks 
with  the  more  structurally  substantial, 
vertical-grain  Douglas  fir.  New  doors  were 
designed  that  allowed  visitors  an  unobstructed 
view  of  the  collection.  Most  importantly,  a 
new  security  system  was  installed.  The  reno- 
vations were  completed  in  time  for  the  1987 
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Illustration  o/ Chamaecyparis  obtusa  ' Chabo-hiba’  from  the  1901  catalogue  of  the  Yokohama  Nursery  Company. 


season,  and  in  June  of  that  year,  a ceremony 
was  held  dedicating  the  structure  to  Mrs.  Der- 
derian.  She  died  a year  later  on  September  20, 
1988. 

As  of  August  1989,  fifteen  plants  still 
remain  of  the  original  thirty-nine  plants  in  the 
collection.  These  include  seven  hinoki 
cypresses  ( Chamaecyparis  obtusa ),  four 
Japanese  maples  [Acer  palmatum),  one  trident 
maple  ( Acer  buergerianum ),  one  higan  cherry 
(. Prunus  subhirtella ),  one  sawara  cypress 
[Chamaecyparis  pisifera  'Squarrosa'),  and  one 
Japanese  white  pine  [Pinus  parviflora).  There 
can  be  little  doubt  that  in  any  list  of  "ironclad" 
bonsai,  these  species  ought  to  be  included. 
The  hinokis  seem  to  be  the  toughest  of  all  in 
that  seven  of  ten  original  plants  are  still  alive 
and  healthy.  They  are  also  the  most  ancient 
and  most  beautiful  plants  in  the  collection. 
Technically  they  should  probably  be  consi- 


dered hachi-no-ki  rather  than  true  bonsai. 
According  to  Anderson's  records,  the  oldest 
hinoki  specimen  was  started  in  1737,  making 
it  252  years  old  in  1989. 

Nomenclature 

The  one  question  concerning  the  Larz  Ander- 
son bonsai  that  has  dogged  the  author  for 
years  is  the  correct  identity  of  the  specimens 
of  Chamaecyparis  obtusa,  which  make  up  the 
major  portion  of  the  collection.  Are  they  nor- 
mal hinokis  that  have  developed  their  peculiar 
shape  simply  as  a result  of  hundreds  of  years 
of  pruning,  or  are  they  a horticultural  selec- 
tion that  is  genetically  dwarf  to  begin  with? 
Fortunately,  the  1901  Yokohama  Nursery  cata- 
logue contains  an  absolutely  stunning  wood- 
block print  of  its  potted  hinoki  cypresses, 
identical  to  those  in  the  Larz  Anderson  Col- 
lection, captioned  "Thuja  obtusa  var.  Chabo- 
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hiba."2  In  this  same  catalogue,  golden  and  sil- 
ver variegated  varieties  of  Chabo-hiba  are 
offered,  which  undoubtedly  originated  as 
sports  of  the  typical  green  variety. 

Since  the  name  Chabo-hiba  is  not  in  com- 
mon use  in  Japan  today,  it  took  some  work  to 
uncover  its  exact  meaning.  By  itself, the  word 
hiba  means  hatchet-shaped  (in  reference  to 
the  foliage)  and  is  the  common  name  for  the 
low-growing  conifer  Thujopsis  dolobrata 
(Kurata,  1971)  as  well  as  for  various  horticul- 
tural varieties  of  Chamaecyparis  obtusa  and 
pisifera  (Yoshio  and  Motoyoshi,  1891; 
Yoshimura  and  Halford,  1957).  The  word 
chabo  literally  means  bantam  chicken.  In 


Chamaecyparis  obtusa  ‘Chabo-hiba’  #1100-71.  This 
plant  originated  as  a cutting  from  one  of  the  old  bon- 
sai plants,  but  was  left  unpruned.  At  eighteen  years 
of  age,  it  is  a meter  and  a half  tall  by  a meter  wide 
(60  in  x 39  in). 


combination,  Chabo-hiba  is  best  translated  as 
"compact  or  bantam  cypress." 

Compounding  the  problem  of  the  identity 
of  the  Larz  Anderson  hinokis  is  the  fact  that 
they  were  rigorously  pruned  for  their  entire 
lives.  Based  on  an  experiment  at  the  Arnold 
Arboretum,  such  cultural  practices  seem  to 
have  affected  both  the  character  of  their 
foliage  and  the  orientation  of  their  branches. 
In  1971  a few  cuttings  of  the  Larz  Anderson 
hinokis  were  rooted  in  the  Arboretum  green- 
houses. They  were  grown  in  the  nursery  for 
several  years,  unpruned,  where  they  retained 
their  dwarf  habit,  congested  foliage,  and 
twisted  branches.  In  1981,  the  author  planted 
one  of  these  specimens,  which  was  about  20 
centimeters  tall  and  20  centimeters  wide  (7 
inches  x 7 inches),  in  the  Arboretum's  dwarf 
conifer  area — to  see  how  it  would  develop  if 
left  unpruned.  The  plant  continued  to  grow 
in  a manner  similar  to  the  old  specimens  from 
which  it  had  been  taken  until  1984,  when  it 
suddenly  produced  an  upright  leader  with 
looser,  less  congested  foliage.  At  eighteen 
years  of  age  in  1989,  this  unpruned  plant  is 
completely  upright,  a meter  and  a half  tall  by 
a meter  wide  (60  inches  x 39  inches),  and  has 
set  an  abundant  crop  of  "normal"  sized  cones.3 

That  this  is  typical  behavior  for  unpruned 
Chabo-hiba  is  attested  to  by  the  fact  that  in 
the  1913  edition  of  the  Yokohama  Nursery 
catalogue  the  listings  under  Chabo-hiba  were 
changed  to  read,  "Thuja  obtusa  compacta  or 
Chabo-hiba."  On  a nearby  page  there  is  a photo 
of  a narrowly  pyramidal  evergreen,  five  to  six 
meters  tall  (15  to  20  feet)  and  neatly  trimmed, 
captioned  "Thuja  obtusa  compacta."  This  con- 
fluence of  the  historical  evidence  from  1913 
and  the  experimental  data  from  1989  makes 
it  certain  that  the  appearance  of  the  Larz 
Anderson  hinokis  is  the  result  of  continual 
pruning  of  the  genetically  compact,  pyrami- 
dal variety,  Chabo-hiba. 

The  earliest  use  of  the  name  Chabo-hiba 
that  this  author  could  uncover  is  from  the 
three-volume  book  Somoku  Kihin  Kagami, 
published  in  1827  and  reprinted  in  1976  with 
modern  Japanese  characters  and  Latin  plant 
names  (Kintaro,  1827;  Tsukamoto,  1976).  This 
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work  covers  hundreds  of  plants  considered 
highly  unusual  or  very  rare.  While  Chabo- 
hiba  itself  is  not  covered,  a Chamaecyparis 
cultivar  listed  as  Chaboyadori,  meaning  "ban- 
tam's nest,"  is  described.  The  accompanying 
illustration  shows  a plant  with  two  types  of 
foliage,  the  loose,  feathery  growth  ("Cryp- 
tomeria-like")  rising  out  of  a "nest"  of  tight, 
congested  growth  ("Chabo-hiba-like").  In  the 
text,  the  author  states  that  he  first  noticed  the 
plant  as  an  unusual  branch  (or  sport)  on  a 
specimen  of  Chabo-hiba , and  propagated  it 
specially. 

As  this  reference  in  Somoku  Kihin  Kagami 
indicates,  the  name  Chabo-hiba  has  a long 
tradition  of  use  in  Japan  that  predates  any  pos- 
sible description  of  the  plant  by  Western 
botanists.  With  such  priority,  'Chabo-hiba'  can 
be  considered  a proper  cultivar  name  accord- 
ing to  the  guidelines  laid  out  in  the  Interna- 
tional Code  of  Nomenclature  for  Cultivated 
Plants — 1980. 

Over  the  years,  three  Latin  names  have  been 
proposed  to  replace  'Chabo-hiba':  breviramea ,4 
nana,5  and  compacta.  Of  the  three,  only  the 
last  describes  the  plant  accurately.  Published 
in  1875  by  George  Gordon,  his  description  of 
compacta  reads:  "The  leaves  and  branches  of 
this  variety  resemble  those  of  the  species  in 
every  way,  except  that  they  are  much  smaller, 
and  the  plant  has  a very  dense  and  compact 
habit."  However  accurate  the  name  compacta 
may  be,  it  suffers  from  the  same  drawback 
that  affects  all  the  Latinized  botanical  names 
for  cultivated  plants,  namely  that  it  can  be 
and  has  been  legitimately  applied  to  a vari- 
ety of  plants  other  than  the  specimen  origi- 
nally described  (Hornibrook,  1938).  This  lack 
of  precision  provides  a second  reason,  priority 
being  the  first,  for  favoring  'Chabo-hiba'  as  a 
cultivar  name  over  'Compacta.' 

The  historical  record  leaves  little  doubt  that 
the  Larz  Anderson  hinokis  are  best  referred 
to  as  Chamaecyparis  obtusa  'Chabo-hiba,' 
defined  here  as  a compact,  slow-growing  cul- 
tivar with  dark  green  foliage  that  develops  a 
pyramidal  shape  over  time.  Often  grown  in 
containers  and  intensively  pruned,  it  responds 
to  such  treatment  by  producing  congested, 


"Thuja  obtusa  compacta."  Illustration  from  the  1914 
catalogue  of  the  Yokohama  Nursery  Company. 


planar  foliage  and  contorted,  horizontal 
branches.  By  restoring  the  Japanese  name 
'Chabo-hiba'  to  the  Larz  Anderson  hinokis, 
one  not  only  eliminates  confusion  but  also 
achieves  a better  sense  of  their  rich  history. 

Bonsai  Maintenance  at  the  Arnold 
Arboretum 

What  follows  is  a general  outline  of  the  vari- 
ous procedures  used  by  the  staff  of  the  Arnold 
Arboretum  to  maintain  the  Larz  Anderson 
bonsai  collection  in  a healthy  condition. 

REPOTTING:  The  smaller  the  pot,  the  more 
frequently  the  plant  needs  repotting.  This 
procedure  is  best  done  in  early  spring,  mid- 
to  late  March,  before  the  plant  shows  any 
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"Chamaecyparis  obtusa  var.  nana  Can.  Group  of  trained  specimens.  Tsuga  diversifolia  Maxim,  in  center.  Grounds 
of  the  Yokohama  Nursery  Co.,  June  7,  1918.”  Photo  by  E.H.  Wilson,  N-509,  Archives  of  the  Arnold  Arboretum. 


r.f 
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signs  of  growth.  The  plant  is  removed  from  its 
container,  and  approximately  two  to  three 
centimeters  (one  inch,  more  or  less)  of  roots, 
plus  their  attached  soil,  are  removed  all 
around  the  sides  and  bottom  of  the  root  ball. 
Any  roots  thicker  than  a pencil  are  cut  away 
to  encourage  the  development  of  small  feeder 
roots.  This  process  effectively  rejuvenates  the 
root  system  of  the  plant  and  prevents  lethal 
"girdling"  roots  from  forming.  After  the  root 
ball  is  trimmed,  the  plant  is  returned  to  its 
original  container  surrounded  by  fresh  soil. 
The  large  hinokis  are  repotted  every  four  to 
five  years,  while  the  smaller  plants  are  repot- 
ted every  two  to  three  years. 

SOIL  MIXES:  Plant  roots  are  so  intimately 
involved  with  soil  particles  that  it  is  best  to 
think  of  the  soil  as  part  of  the  plant  itself.  As 
such,  a great  deal  of  time  and  care  needs  to 
go  into  its  preparation.  In  general,  the  potting 
mix  should  provide  the  plant  with  a balance 
of  water  retention  and  air  circulation.  Our 
repotting  mixes  consist  of  coarse  sand  (parti- 
cle size  1-3  mm),  peat  moss  or  leaf  mold,  and 
screened  loam  in  various  proportions  depend- 
ing upon  the  plant  being  grown.  In  general,  we 
use  a mix  that  is  one-half  sand,  one-quarter 
loam,  and  one-quarter  peat  for  the  conifers; 
and  one-third  sand,  one-third  peat,  and  one- 
third  loam  for  deciduous  trees.  In  either  case, 
small  amounts  of  superphosphate  and  organic 
nitrogen  fertilizer  are  added  to  the  soil  mix. 

PRUNING:  There  are  no  universal  mles  about 
how  much  to  prune  a bonsai;  the  techniques 
vary  according  to  the  species  being  worked 
with.  In  general  the  best  time  to  prune  is 
when  the  plants  are  producing  new  growth — 
in  early  spring  for  deciduous  plants,  such  as 
the  cherries  and  Japanese  maples,  in  mid- 
spring for  pines  and  spruces,  and  in  early  to 
mid-summer  for  the  junipers  and  the  hinokis. 
Generally,  at  least  50  percent  of  the  new 
growth  is  removed  at  the  time  of  pruning.  If 
the  plant  produces  a second  flush  of  leaves 
later  in  the  growing  season,  these  also  require 
pruning. 


• With  pines,  the  number  of  candles  is 
thinned  out  by  one-half  to  two-thirds,  and 
those  that  remain  are  shortened. 

• With  spruces  and  firs,  the  newly  flushing 
shoots  are  pinched  back  to  half  their  length, 
inducing  replacement  buds  to  form  at  the  base 
of  the  new  growth  rather  than  at  the  tip. 

• With  maples,  the  new  shoots  are  pinched 
back  to  a maximum  of  two  pairs  of  leaves  and 
sometimes  only  one  pair.  Any  vertical- 
growing shoots  are  removed  or  are  wired  into 
a horizontal  position. 

• With  hinokis  and  junipers,  which  produce 
new  growth  over  an  extended  portion  of  the 
growing  season  rather  than  in  a single  flush, 
the  new  growth  is  pinched  back  several  times. 
If  the  new  growth  is  not  rigorously  thinned, 
it  becomes  excessively  congested  and  subject 
to  death  by  self-shading. 

WIRING:  In  young  vigorous  bonsai,  wiring 
the  branches  into  pendant  or  horizontal  posi- 
tions with  copper  or  aluminum  wire  is  an 
extremely  important  part  of  the  training 
process.  On  plants  as  old  as  the  hinoki 
cypresses  in  the  Larz  Anderson  Collection, 
reorienting  their  twisted  branches  with  wire 
is  very  difficult.  These  branches  thicken  so 
slowly  that  it  may  take  two  or  three  years  for 
them  to  produce  enough  wood  to  overcome 
their  old  orientation.  We  have  found  that  tying 
them  down  with  nylon  fishing  line  is  more 
effective  than  wiring. 

For  the  other  plants  in  the  collection,  we 
generally  wire  young  vigorous  branches  into 
a horizontal  position  in  order  to  achieve  the 
effect  of  age.  It  is  important  to  remember  that 
wire  should  not  be  left  on  the  tree  more  than 
a year,  since  the  branch  can  easily  be  girdled 
by  the  wire. 

WATERING:  Because  the  Larz  Anderson  Col- 
lection consists  of  such  large  plants  in  such 
small  pots,  their  water  requirements  are  quite 
high.  During  the  period  of  spring  growth,  they 
need  watering  at  least  once  a day.  During  the 
summer,  one  daily  watering  is  a minimum  on 
days  when  no  rain  has  fallen,  and  often  they 
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The  bonsai  house  at  the  Arnold  Arboretum,  completed  in  1962.  Photo  by  P.  Burns,  from  the  Archives  of  the 
Arnold  Arboretum. 


require  more  than  this.  Extending  this  need 
for  daily  watering  back  into  the  past  some  two 
hundred  years,  one  begins  to  appreciate  the 
magnitude  of  continuity  and  commitment 
that  has  gone  into  maintaining  these  venera- 
ble specimens. 

To  determine  if  a plant  needs  water,  place 
the  palm  of  the  hand  on  the  soil  surface.  If  any 
feeling  of  moisture  is  detectable,  the  plant 
should  not  be  watered.  When  the  root  ball  is 
dry  to  the  touch,  the  plant  is  watered.  It  is  best 
to  use  the  palm  of  the  hand  to  make  this 
determination  because  it  is  less  heavily  cal- 
loused, and  hence  more  sensitive,  than  the 


fingertips.  The  root  ball  of  a healthy  bonsai 
behaves  like  a sponge,  that  is,  water  is  uni- 
formly distributed  throughout  its  mass  at  all 
times,  so  the  moisture  content  of  the  surface 
is  essentially  the  same  as  that  of  the  base. 

When  the  plants  are  watered,  care  is  taken 
not  to  get  the  foliage  wet,  particularly  on 
sunny  days  when  water  drops  can  magnify  the 
energy  of  the  sun  sufficiently  to  produce  burn 
spots  on  the  leaves.  At  watering  time,  the  pot 
is  filled  to  the  top,  and  the  water  is  allowed 
to  drain  through;  the  pot  is  then  filled  up  a 
second  time.  This  "double  dousing"  insures 
that  sufficient  water  is  provided  to  wet  the 
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entire  root  ball  and  to  percolate  out  the 
drainage  holes.  If  only  the  top  part  of  the  root 
ball  is  moistened,  the  bottom  part  will 
become  excessively  dry  and  the  plant  could 
be  seriously  injured.  Less  frequent,  thorough 
watering  is  always  preferable  to  frequent  light 
watering  for  any  containerized  plant. 


FERTILIZING:  While  the  instructions 
provided  by  the  Yokohama  Nursery  call  for  fer- 
tilizing the  plants  with  powdered  oil  cake 
(consisting  of  soybean  or  rapeseed,  after  the 
oil  has  been  pressed  out)  or  bone  meal,  we  use 
a chemical  fertilizer  solution  diluted  to  a con- 
centration of  approximately  0.01  percent 


Item  #340  from  the  1904  auction  catalogue  of  the  S.M.  Japanese  Nursery  Com- 
pany. The  description  reads:  “Chabo-hiba.  One  of  the  most  imposing-looking  speci- 
mens in  this  collection.  This  grand  tree  once  belonged  to  the  famous  temple 
Hongauji,  Kyoto,  the  ancient  Capitol  of  the  Japanese  Empire.  It  has  been  said  that 
owing  to  its  most  attractive  shape,  this  specimen  was  admired  by  almost  a mil- 
lion people,  who  made  the  pilgrimage  to  this  noted  temple  of  Buddha.  It  was  trained 
by  the  several  master  gardeners  who  gave  their  services  to  the  temple.  Trained 
in  the  standard  Jikka  style.  Note:  its  most  graceful  branches  extended  into  both 
sides.  About  100  years  old;  height,  2 feet,  6 inches.  With  Chinese  pottery  pot  on 
stand." 
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nitrogen,  phosphorus,  and  potassium.  When 
growth  commences  in  the  spring,  we  water 
the  plants  with  this  dilute  fertilizer  every  one 
to  two  weeks  until  mid-July,  at  which  point 
we  fertilize  only  once  every  two  to  three 
weeks  through  October.  From  this  point  on, 
the  plants  are  going  dormant,  and  we  stop  fer- 
tilizing them  altogether. 

WINTER  STORAGE:  In  the  milder  parts  of 
the  United  States,  as  in  much  of  Japan,  bon- 
sai can  be  left  out-of-doors  all  winter  with 
only  minimal  protection  from  the  elements. 
In  New  England,  however,  with  our  more 


severe  winter  weather,  the  plants  need  to  be 
protected  from  the  cold.  A plant  that  is  per- 
fectly hardy  growing  in  the  ground  is  not  as 
hardy  when  grown  in  a container  above 
ground.  This  is  due  to  the  fact  that  the  soil, 
which  has  great  insulating  power,  never  gets 
as  cold  as  the  air,  which  has  no  insulating 
value. 

The  Arboretum  bonsai  are  stored  in  a 
concrete-block  structure  for  the  winter.  The 
temperature  in  the  building  is  maintained 
between  33  and  36  degrees  Fahrenheit,  and  the 
plants  are  checked  for  water  once  a week.  In 
general,  they  need  watering  about  once  a 
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Plants  living  in  1989,  and  year  started  as  bonsai: 

870-37 

Acer  buergerianum 

Trident  Maple 

1852 

872-37 

Acer  palmatum 

Japanese  Maple 

1887 

877-37 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1737 

878-37 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1787 

879-37 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1802 

880-37 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1832 

881-37 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1862 

889-37 

Prunus  subhirtella 

Higan  Cherry 

1852 

899-37 

Chamaecyparis  pisifera  'Squarrosa' 

Sawara  Moss  Cypress 

1907 

886-49 

Acer  palmatum 

Japanese  Maple 

1887 

888-49 

Acer  palmatum 

Japanese  Maple 

1897 

889-49 

Acer  palmatum 

Japanese  Maple 

1897 

890-49 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1832 

892-49 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1787 

893-49 

Pinus  parvi flora 

Japanese  White  Pine 

1887 

101-69 

Chamaecyparis  obtusa  'Chabo-hiba' 

Compact  Hinoki  Cypress 

1969 

Plants  dead  or  stolen  (numbers  of  individuals  of 

each  species  in  parentheses): 

Acer  palmatum  (5) 

Photinia  villosa  (2) 

Acer  palmatum  'Dissectum'  (1) 

Prunus  mume  (2) 

Chamaecyparis  obtusa  'Chabo-hiba'  (3) 

Prunus  subhirtella  (2) 

Chamaecyparis  pisifera  'Squarrosa'  (1) 

Punica  granatum  (1) 

Cryptomeria  japonica  (1) 

Spiraea  thunbergii  (1) 

Euonymous  fortunei  'Kewensis'  (1) 

Thujopsis  dolobrata  Variegata'  (1) 

funiperus  rigida  (1) 

Zelkova  serrata  (2) 
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month.  One  must  be  extremely  careful  that 
the  plants  do  not  get  overly  dry  during  storage 
as  they  can  become  extremely  difficult  to 
rewet  come  spring.  On  the  other  hand,  if  the 
plants  are  kept  too  wet  during  storage,  they 
become  susceptible  to  fungal  infections. 

As  long  as  the  temperatures  remain  below 
36  degrees,  the  plants  seem  to  survive,  even 
in  total  darkness.  Such  dark  storage  will  not 
work  at  higher  temperatures.  The  key  to  suc- 
cessful winter  storage  is  to  make  sure  that  the 
plants  are  fully  dormant  before  they  go  in  and 
that  they  come  out  before  they  show  any  signs 
of  growth.  Generally  speaking,  our  plants  go 
into  cold  storage  on  Armistice  day  (Novem- 
ber 11)  and  come  out  on  Patriots'  Day  (April 
19),  although  a week  either  way  makes  little 
difference. 

Endnotes 

1 The  Suzukis  were  employed  by  the  Louis  Boehmer 
Company  while  it  was  run  by  Boehmer  himself,  hut 
in  1889  Alfred  Unger  became  Boehmer's  partner  and 
the  Suzukis  went  out  on  their  own  to  establish  the 
Yokohama  Gardeners'  Association,  and,  in  1890,  the 
Yokohama  Nursery  Company  (Unger,  1930;  Yokohama 
Catalogue,  1908). 

2 The  genus  Chamaecyparis  was  established  by  E.  S. 
Spach  in  1842,  but  it  was  not  universally  accepted,  and 
in  the  older  literature  it  is  often  treated  as  Thuja  or 
Retinispoia.  Fortunately  the  species  name  for  the 
hinoki  cypress,  obtusa,  has  remained  relatively  sta- 
ble since  its  description  by  Siebold  and  Zuccarini  in 
1844. 

3 The  horticultural  forms  of  Chamaecyparis  obtusa  are 
notoriously  unstable  in  their  morphology.  Specimens 
of  many  of  the  widely  grown  dwarfs,  such  as  'Nana 
Gracilis,'  sport  out  continually,  the  sport  producing 
foliage  much  looser  than  that  found  on  the  rest  of  the 
plant.  When  one  of  these  dwarfs  produces  seeds,  the 
seedlings  show  a wide  range  of  variability  in  size,  rate 
of  growth,  and  foliage  characteristics  (Spingam,  1978). 
In  the  author's  own  work  with  seedlings  of  'Graciosa,' 
'Nana  Gracilis,'  and  'Verdoon,'  they  all  pass  through 
the  developmental  process  that  is  normal  for  the  spe- 
cies, first  producing  a few  needle  leaves  (the  juvenile 
foliage)  and  then,  in  their  axils,  branches  consisting 
of  scale  leaves  (the  adult  foliage).  However,  these  scale 
leaves  are  much  smaller  and  their  "intemodes"  much 
shorter  than  is  typical  for  the  species,  and  a congested 
cone-  or  bun-shaped  plant  develops.  The  length  of  time 
that  these  plants  retain  their  dwarf  habit  varies  greatly, 
but  I suspect  that  eventually  all  of  them  will  produce 


a leader  and  foliage  that  are  more  or  less  "normal."  To 
put  it  another  way,  many  of  the  dwarf  forms  of 
Chamaecyparis  obtusa  seem  to  possess  mutations  in 
the  genes  that  regulate  the  rate  of  development  rather 
than  in  the  genes  that  control  specific  morphological 
characters. 

4 A second  Latin  name  that  is  often  listed  as  synony- 
mous with  'Chabo-hiba'  is  var.  breviramea  (Yoshimura 
and  Halford,  1957;  Walker,  1976).  This  curious  name 
was  originally  published  by  Maximowicz  in  1866  to 
describe  a supposed  wild  species  from  southern  Japan. 
Later  authors  (Masters,  1881;  Carrier,  1889;  Beissner, 
1900)  reduced  the  name  to  a variety  of  obtusa,  but  still 
considered  it  a wild-growing  plant  that  was  cultivated 
as  an  ornamental.  Rehder  (1914)  describes  breviramea 
as  a "tree  of  narrow  pyramidal  habit,  with  short 
branches:  branchlets  crowded,  glossy  green  on  both 
sides."  More  recent  authors  have  reduced  breviramea 
to  synonymy  with  the  species  (Ohwi,  1984).  To  use 
this  essentially  botanical  name  to  describe  the  bon- 
sai hinokis  is  inappropriate  since  'Chabo-hiba'  is 
clearly  a horticultural  variety  that  has  been  in  culti- 
vation in  Japan  since  the  1700's. 

5 The  name  nana  was  first  published  by  E.-A.  Carrier 
in  1867  as,  "much  smaller  than  the  species,  this  vari- 
ety is  distinguished  mostly  by  its  branches,  branch- 
lets  and  twigs  which  are  very  slender  and  very  short." 
In  the  1904  S.  M.  Nursery  Company  auction  catalogue, 
'Chabo-hiba'  is  listed  as  synonymous  with  Thuja 
obtusa  nanus.  In  1918,  E.H.  Wilson  of  the  Arnold 
Arboretum  visited  the  Yokohama  Nursery  Company 
and  photographed  its  specimens  of  'Chabo-hiba,'  which 
he  labeled  Chamaecyparis  obtusa  var.  nana.  Since  this 
name  does  not  accurately  describe  'Chabo-hiba,'  it 
should  be  rejected. 
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NEWS 


From  The  Arnold  Arboretum 


GERTRUDE  JEKYLL:  A VISION  OF  GARDEN 
AND  WOOD  — October  14  - December  1:  Hunnewell  Visitor 
Center  of  the  Arnold  Arboretum.  An  exhibition  curated  by  Michael 
R.  Van  Valkenburgh  and  Judith  B.  Tankard  and  made  possible 
through  the  support  of  the  Art  Program  of  Bank  of  Boston. 


Pollarded  Willows 
in  winter,  1887. 
College  of  Environ- 
mental Design 
Documents 
Collection,  Univer- 
sity of  California, 
Berkeley 


PLANTS,  GARDENS, 
AND  LANDSCAPES 
AT  THE  ARNOLD 
ARBORETUM 

An  unparalleled  array  of  unusual 
plants  at  the  Annual  Plant  Sale 
on  September  17,  a major  design 
exhibition,  and  a series  of  special 
lectures  and  symposiums  on  gar- 
dens and  landscapes  are  all  part 
of  activities  at  the  Arnold 
Arboretum  this  Fall. 

PLANTS,  PLANTS, 
PLANTS  (THIS  YEAR 
MORE  THAN  5000!) 

The  opportunity  to  obtain  the 
rare,  the  unusual,  and  the  re- 
cently introduced  is  key  to  the 
yearly  popularity  of  the  Arnold 
Arboretum's  Annual  Plant 
Giveaway  and  Rare  Plant 
Auction  (Sunday,  September  17, 
at  the  Case  Estates,  beginning  for 
members  at  9:00  a.m.).  The  Ar- 
boretum has  a long-standing 
reputation  for  its  plant  introduc- 
tions (more  than  two  thousand 
over  the  years),  and  this  year's 
plant  sale  will  include  some  first- 
time offerings  to  North  American 
plant  enthusiasts.  Plants  col- 
lected by  staff  members  in  China 
and  Japan;  herbaceous  perenni- 
als from  shy  to  rampant;  trees, 
shrubs,  vines,  conifers,  and  a few 
house  plants  - all  will  be  waiting 
in  the  Barn  at  the  Case  Estates 
(no  telephone  orders,  no  advance 
sales!)  Also  on  the  program  are 
the  Arnold  Arboretum  Associ- 
ates competitive  Silent  Auction 
of  specially  donated  plants  and 
the  Rare  Plant  Auction  at  1:00 
p.m.  when  the  "best  of  the  best" 
go  on  the  block.  ■ 


Beginning  in  1885,  English 
garden  designer  Gertrude  Jekyll 
photographed  gardens.  This  ex- 
hibit shows  the  evolution  of  her 
own  garden,  her  fascination  with 
the  rural  Surrey  landscape,  and 
her  wide  range  of  interests  in  the 
decorative  arts.  As  her  own  eye- 
sight deteriorated,  she  used  the 
accurate  vision  of  the  camera  to 
capture  landscape  images  that 
she  could  no  longer  clearly  see. 
Included  in  the  exhibit  are  previ- 
ously unpublished  photographs 
of  architecture  and  plant  combi- 
nations as  well  as  records  of  her 
design  work  at  Millmead.  A 
sequence,  "The  Seasons  of 
Munstead  Wood,"  presents  48 


pictures  of  her  own  garden  over 
several  decades. 

"Gertrude  Jekyll:  A Vision 
of  Garden  and  Wood"  will  be  on 
display  in  the  Hunnewell  Visitor 
Center  of  the  Arnold  Arboretum 
seven  days  a week  from  October 
14  to  December  1.  ■ 

In  association  with  the  exhibit 
architectural  historian  Judith 
Tankard,  co-curator  with 
Michael  Van  Valkenburgh  and 
co-author  of  the  book  "A  Vision  of 
Garden  and  Wood,"  will  present  a 
slide-lecture  on  Gertrude  Jekyll: 
on  Tuesday,  October  31  at  7:00 
p.m.  in  the  Hunnewell  Visitor 
Center.  ■ 
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Three  Thursday  Evening  Lectures 


Fletcher  Steele 
Collection 


What  southern  plants  should 
northern  gardeners  be  growing 
today?  Which  of  our  native 
southern  shrubs  and  vines  are 
not  only  hardy  in  the  northeast 
but  provide  new  interest  in  a 
familiar  palette  of  plants?  Is  the 
southeastern  United  States 
indeed  becoming  "the  hub" 
when  it  comes  to  new  plants  and 
gardening  techniques? 

The  University  of  Georgia  is 
home  to  Dr.  Michael  Dirr, 
horticulturist,  author,  (Manual  of 
Woody  Landscape  Plants,  Photo- 
graphic Manual  of  Woody  Plants, 
The  Reference  Manual  of  Woody 
Plant  Propagation)  and  former 
Mercer  Fellow  at  the  Arnold 
Arboretum. 

Opionionated,  outspoken,  and 
immensely  knowledgeable,  Mi- 
chael Dirr  will  make  a rare  ap- 
pearance in  Boston  when  he 
takes  "A  Fresh  Look  at  Southern 
Plants  for  the  Northern  Garden" 
in  the  first  of  the  Arboretum's 
three  Thursday  evening  lectures, 
October  19  at  7:00  p.m.  This 
program  will  be  held  in  the 
Frechette  Conference  Center  of 
the  State  Laboratory  Building, 

305  South  Street,  Jamaica  Plain. 
The  auditorium  is  immediately 
adjacent  to  the  Forest  Hills  "T" 
station.  On-site  parking  is 
available  for  this  lecture.  ■ 

The  long  career  of  Fletcher 
Steele,  who  made  his  first  garden 
in  1915,  his  last  in  1970  a year 
before  his  death,  is  a landmark  in 
the  history  of  American  gardens. 
The  designer  of  Miss  Choate's 
garden  at  Naumkeag  (the  Blue 
Steps,  the  Afternoon  Garden), 
Steele  called  himself  a "land- 
scape sculptor."  He  created  more 
than  700  gardens,  and  wrote  over 
a hundred  articles  and  two  books 
on  subjects  from  history  to 
horticulture.  His  work  is  consid- 


ered an  important  link  between 
19th-century  Beaux  Arts  formal- 
ism and  modem  landscape  de- 
sign. Throughout  his  career  his 
gardens  had  historical  references, 
though  in  his  later  works  color 
and  the  shaping  of  abstract  space 
were  of  increasing  importance. 
"In  the  spring,"  he  wrote,  "one 
can  have  sheets  of  flat  daring 
color  that  leave  the  frantic  cubist 
painter  speechless." 

Robin  Karson,  a Contributing 
Editor  of  Garden  Design  and 
Landscape  Architecture,  has 
written  the  first  critical  biogra- 
phy of  Fletcher  Steele.  She  will 
lecture  at  the  Hunnewell  Visitor 
Center  at  7:00  p.m.  on  Thursday, 
October  26,  on  "The  Garden- 
making of  Fletcher  Steele."  ■ 

When  virtually  any  aspect  of 
the  plants  and  gardens  of  Ireland 
is  considered,  the  name  of 
Charles  Nelson  comes  to  mind. 
Taxonomist  to  the  National  Bo- 
tanic Gardens  at  Glasnevin, 


Dublin,  Dr.  Nelson  is  also  a 
garden  historian,  writer,  lecturer, 
television  gardening  "guru,"  and 
plant  collector . 

Foundation  chairman  of  the 
Irish  Garden  Plant  Society,  he  is 
well  known  for  his  many  books 
and  articles  on  the  history  of 
gardening  and  garden  plants  (see 
Arnoldia  Winter  1982-83, 
"Augustine  Henry  and  the  Explora- 
tion of  the  Chinese  Flora")  and  has 
collaborated  with  botanical  artist 
Wendy  Walsh  on  a series  of 
books  about  Irish  garden  plants 
including,  "An  Irish  Rower 
Garden"  (1984)  and  two  volumes 
of  "An  Irish  Rorilegium."  The 
Arnold  Arboretum  has  joined 
with  The  Trustees  of  Reserva- 
tions to  co-sponsor  a lecture  by 
Charles  Nelson,  "Irish  Gardens 
and  their  Plants,  A Heritage  of 
Beauty"  on  Thursday,  November 
2,  at  7:00  p.m.  at  the  Hunnewell 
Visitor  Center.  An  informal 
reception  with  Dr.  Nelson  will 
follow  the  lecture.  ■ 
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Other  plants  and  gardens  lectures 
at  the  Arboretum  this  Fall  include 
Italianate  Gardens  in  the  New 
Hampshire  Landscape,  a survey 
of  the  elegant  formal  gardens 
near  Cornish,  New  Hampshire, 
and  the  designs  of  Charles  Platt, 
Rose  Standish  Nichols,  and  Ellen 
Shipman,  as  well  as  the  gardens 
of  Stephen  and  Maxfield  Parrish 
and  Augustus  Saint -Gaudens 
(Wednesday,  October  25,  2:30 
p.m.  HVC)  and  a continuation  of 
the  Home  and  Garden  series  in 
Great  Gardens  of  Britain  in  the 
20th  Century.  Three  lectures  will 
explore  public  gardens  and  the 
role  of  conservation;  garden 
design  and  modern  literature  (the 
gardens  of  the  "Bloomsbury" 
literary  set);  contemporary 
plantspeople  and  their  private 
gardens:  Christopher  Lloyd, 
Penelope  Hobhouse,  Rosemary 
Verey,  and  Marjorie  Fish.  (3 
Thursdays,  November  2,  9,  and 
16/  10:30  a.m. -12:30  p.m.  HVC).  ■ 


Two  all-day  garden  design 
symposiums  will  be  offered 
by  the  Arboretum  this  fall. 
Landscaping  with  Perenni- 
als: the  Cultivated  Choice  on 
October  14  and  European 
Garden  Style:  A Contempo- 
rary Interpretation  on 
November  11.  Perennials 
this  year  considers  the  many 
benefits  of  combining  herba- 
ceous perennials,  bulbs,  and 
annuals  in  the  garden. 
Experts  from  London's 
Chelsea  Physic  Garden,  New 
England,  and  the  Southeast 
are  among  the  speakers.  A 
new  symposium  topic,  Euro- 
pean Garden  Style  examines 
the  influence  of  classical 
stylistic  elements  and 
discusses  their  applications 
for  the  contemporary 
American  garden  designer. 
For  further  information  on 
lectures  and  symposiums 
contact  the  Education 
Registrar  at  the  Arnold 
Arboretum.  ■ 
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Woody  Plant 
Identification 
class  at  the 
Arnold 
Arboretum 


This  year's  summer  interns 
included  students  from  Califor- 
nia, Iowa,  Virginia,  Washington, 
and  Nova  Scotia,  Canada. 
During  their  time  at  the  Arbore- 
tum, trainees  worked  alongside 
the  staff  in  the  greenhouse,  on 
mapping  and  labelling,  and  in 
grounds  maintenance.  They 
attended  classes  in  Horticultural 
Maintenance,  Woody  Plant 


Identification,  and  Landscape 
Design  Principles  as  well  as  field 
trips  to  private  and  public 
gardens.  Recent  trainees  have 
come  from  Australia,  New 
Zealand,  Germany,  and  England 
as  well  as  all  regions  of  the 
United  States.  Applications  for 
1990  will  be  available  in  October 
and  are  due  by  February  1, 1990. 


A 100-year-old  penjing  specimen 
of  Gingko  biloba  recently 
purchased  from  Mr.  Hu  Yun-hua 
of  Shanghai  Gardening  Service, 
China.  Photo  by  Racz  and 
Debresczy. 


BONSAI  AUCTION  TO  BENEFIT  ARBORETUM 


New  England  Bonsai  Gardens, 
Inc.  in  South  Natick  will  auction 
three  specimen-quality  bonsai 
trees  on  Saturday,  October  14th, 
at  4:30  P.M.  Twenty-five  percent 
of  the  proceeds  from  these  sales 
will  be  donated  to  the  Arnold  Ar- 
boretum to  benefit  the 


Arboretum's  Larz  Anderson  Bon- 
sai Collection.  The  auction  is  one 
of  several  events  featured  during 
New  England  Bonsai's  week- 
end-long fall  celebration.  For 
further  information  call  508-653- 
6330  or  617-237-5111 
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HOW  DOES  YOUR 
GAURA  GROW? 

As  some  of  you  know,  this  year's 
Plant  Dividend  mailing  was  not  a 
complete  success.  Approxi- 
mately 10%  of  the  plants  did  not 
arrive  in  good  condition.  We 
improved  our  packaging  and 


Gaura  lindheimeri.  Illustration  by  G. 
Nagy  1989 


sent  replacement  plants,  but  even 
some  of  those  were  beyond 
salvage,  and  many  of  you  remain 
disappointed.  We  have  learned 
the  hard  way  that  mailing 
perennials  requires  special  pack- 
aging. Rather  than  send  more 
plants  in  a third  mailing  attempt, 
we  have  offered  the  two  follow- 
ing options  to  members  who 
have  reported  problems  with 
their  Gaura. 

(1)  Three  Scilla  pratensis, 
"Meadow  Squill"  bulbs  will  be 
mailed  to  you  in  mid-September. 
Although  not  a newcomer,  this 
late-flowering  bulb  is  still 
unfamiliar  to  most  gardeners  and 
will  bear  brilliant,  mildly 
fragrant,  veronica-violet  flowers 
on  an  8 inch  stalk  in  late  May  and 
early  June.  (2)  You  may  pick  up  a 
live  and  healthy  Gaura  lindheim- 
eri, or  any  other  yellow-tag  plant. 


at  the  annual  Plant  Sale  on 
September  17.  When  you  arrive 
at  the  Plant  Sale,  pick  up  a 
coupon  at  the  Membership  Sign- 
Up  desk  before  entering  the  Plant 
Sales  area. 

Members  who  sent  back  the 
pink  response  card  enclosed  with 
the  Gaura,  notifying  us  of  their 
plant's  demise,  will  automati- 
cally receive  bulbs  unless  they 
call  to  notify  us  otherwise. 

If  you  received  a badly 
damaged  Gaura  which  did  not 
survive,  but  have  not  yet  notified 
us,  and  want  to  receive  bulbs  or  a 
replacement,  please  call  or  write 
Jeanne  Christianson,  524-1718,  as 
soon  as  possible. 

Again,  we  apologize  for  any 
inconvenience  and  disappoint- 
ment and  promise  that  next 
spring  will  bring  you  a dormant, 
but  healthy,  Actinidia  kolomikta.  ■ 

THE  CONTRIBUTORY 
PORTION  OF  YOUR 
MEMBERSHIP 

On  July  1, 1989,  the  Arnold  Arbo- 
retum, in  anticipation  of  Internal 
Revenue  Service  requirements. 


began  identifying  for  Harvard 
University  the  contributory  por- 
tion of  membership  dues  paid, 
i.e.  that  amount  in  excess  of  the 
actual  cost  of  benefits  offered. 

Some  of  you  have  already 
received  gift  acknowledgements 
from  Harvard,  thanking  you 
only  for  the  contributory  portion 
of  your  membership  dues.  These 
acknowledgements  are  intended 
for  your  use  as  a tax  receipt. 

Gifts  over  and  above  your  mem- 
bership dues  are  100%  tax 
deductible  and  will  be  acknowl- 
edged as  such.  These  include 
gifts  to  the  Spring  and  Fall 
Appeals. 

Following  is  a list  of  the  Con- 
tributory portion  of  dues  paid 
for  each  category  of  Friends 
Membership. 


Individual 

$ 8 

Family 

$20 

Sustaining 

$67 

Organization 

$123 

Sponsor 

$162 

Patron 

$459 

Donor 

$959 

Benefactor 

$4959 

ATTENTION  ARNOLDIA  SUBSCRIBERS 


Why  not  become  a member 
of  the  friends  of  the  Arnold 
Arboretum  and  receive  addi- 
tional benefits?  A recent 
evaluation  of  the  costs  associ- 
ated with  publishing  Ar- 
noldia  has  forced  us  to  realize 
that  we  cannot  continue  to 
offer  subscriptions  to  non- 
members  at  the  previous  rate. 
Therefore,  as  of  January  1990, 
the  subscription  rate  for  Ar- 
noldia  will  be  $20  for  domes- 
tic subscribers  and  $25  for  for- 
eign. 

As  an  individual  member 
of  the  Friends  of  the  Arnold 
Arboretum  ($35),  you  would 
receive  a number  of  exciting 
benefits  in  addition  to 


Arnoldia:  an  Annual  Rare 
Plant  Dividend  each  spring,  a 
free  plant  at  the  Fall  Plant 
Sale,  members-only  Rare 
Plant  Purchase  Opportunities, 
discounts  on  courses  and  in 
our  Shop,  access  to  the  Plant 
Information  Hot  Line,  the 
Library,  and  the  Plant  Identi- 
fication Service,  a free  Arnold 
Arboretum  window  decal, 
and  a map  of  the  grounds. 

Watch  for  the  membership 
application  form  enclosed 
with  your  Arnoldia  subscrip- 
tion renewal  notice  in  No- 
vember, or  request  a member- 
ship application  form  right 
now  by  calling  524-1718. 
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Acer  buergerianum,  Trident  Maple  (#870-37), 
started  in  1852.  Ibp  left,  the  plant  c.  1913,  58 
cm  high  (23  in).  Bottom  left,  the  plant  in  1933. 
Above,  the  plant  in  1989,  70  cm  high  (28  in). 
Photo  by  Racz  and  Debreczy.  Note  how  the 
plant  has  remained  in  the  same  container  for 
over  75  years. 
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Chamaecyparis  obtusa  'Chabo-hiba,'  Compact 
Hinoki  Cypress  (#892-49),  started  in  1787.  Left, 
the  plant  in  1952.  Notice  how  the  branches  are 
tied  to  bamboo  sticks  to  hold  them  in  a 
horizontal  position.  Above,  the  plant  in  1989, 
160  cm  wide  (63  in).  Photo  by  Racz  and 
Debreczy. 
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Chamaecyparis  obtusa  'Chabo-hiba,'  Compact 
Hinoki  Cypress  (#880-37),  started  in  1832.  Ibp 
left,  the  plant  in  1954.  Bottom  left,  the  plant  in 
1963.  Above,  the  plant  in  1989,  70  cm  high  (28 
in).  Photo  by  Racz  and  Debreczy.  This  unusual 
boat-shaped  container  is  original  and  may  well 
have  been  a gift  to  the  Andersons,  a "travelling 
bonsai,"  when  they  left  Japan  in  1913. 
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Prunus  subhirtella , Higan  Cherry  (#889-37), 
started  in  1852.  Bottom  left,  the  plant  c.  1913, 
61  cm  high  (24  in).  Tbp  left,  the  plant  in  1965. 
Note  the  same  pot  as  in  1913.  Above,  the  plant 
in  1989,  50  cm  high  (20  in).  Photo  by  Racz  and 
Debreczy. 
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Chamaecyparis  obtusa  'Chabo-hiba,'  Compact 
Hinoki  Cypress.  (#879-37),  started  in  1802.  Tbp 
left,  the  plant  in  1963.  Above,  the  final  result  of 
a successful  operation  performed  by  Connie 
Derderian  in  1969.  As  she  describes  it,  " A lower 
branch  had  split  away  from  the  main  trunk  of 
879-37.  Rather  than  cut  it  off  and  lose  it,  a 
wedge-shaped  piece  of  soil  was  cut  away  from 
the  root  ball  to  create  a new  plant.  It  was  put 
into  the  container  on  the  right."  Bottom  left, 
the  lower  branch  (#101-69)  in  1989,  60  cm  wide 
(24  in).  Photo  by  Racz  and  Debreczy. 
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Pinus  parviflora,  Japanese  White  Pine  (#893-49), 
started  in  1887.  Left,  the  plant  in  1952.  Note 
how  bamboo  sticks  were  used  in  training  the 
branches.  Above,  the  plant  in  1989,  100  cm 
high  (39  in).  Photo  by  Racz  and  Debreczy. 
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Chamaecyparis  obtusa  'Chabo-hiba,'  Compact 
Hinoki  Cypress  (#878-37),  started  in  1787.  Tbp 
left,  the  plant  in  1938.  Bottom  left,  the  plant  in 
1954.  Above,  the  plant  in  1989,  120  cm  high  (47 
in).  Photo  by  Racz  and  Debreczy.  Note  how  the 
curved  branch  to  the  lower  left  of  the  plant  has 
remained  a constant  feature  over  time. 
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APPENDIX 

Bonsai  Maintenance  at  Yokohama  Nursery 

The  Arnold  Arboretum  is  fortunate  to  have  in 
its  library  the  catalogues  issued  by  the  Yoko- 
hama Nursery  Company  between  the  years 
1901  and  1922.  Interestingly  they  all  contain 
exactly  the  same  instructions  for  how  to  take 
care  of  the  dwarf  plants  that  the  nursery  sold. 
This  information  has  great  historical  sig- 
nificance since  it  is  one  of  the  earliest  English 
descriptions  of  how  to  maintain  the  health  of 
bonsai  plants.  The  instructions  are  reprinted 
below  in  their  entirety.  According  to  E)r.  John 
Creech,  these  instructions  could  well  have 
been  written  by  Alfred  Unger's  American 
wife,  Mary,  who  published  two  books  on 
Japanese  plants  around  1898. 

Dwarfed  Trees  Growing  in  Jardinieres  and 
Their  Cultural  Direction 

Treatment  of  Thuja  obtusa  [=  Chamaecyparis 
obtusa].  During  spring  and  summer,  by  preference 
keep  this  plant  in  a sunny  airy  situation  where  the 
wind  will  pass  freely  through  the  branches;  water 
once  a day  giving  just  enough  to  make  the  soil 
moist;  in  dry  hot  weather  it  may  be  necessary  to 
give  water  twice  a day.  Care  however  should  be 
taken  not  to  have  the  soil  wet  and  never  water 
unless  the  plant  needs  it.  Watering  overhead  in  dry 
weather  is  bad  but  rain  is  always  beneficial.  Dur- 
ing winter  keep  the  tree  in  a cold  greenhouse  par- 
tially shaded,  or  in  an  unheated  orangery,  giving 
water  about  once  in  10  days;  the  soil  however  must 
never  be  allowed  to  get  dry.  (The  science  of  success- 
ful culture  of  all  plants  in  pots  consists  in  judicious 
watering,  giving  too  much  or  too  little  is  equally 
bad.) 

Treated  as  above  this  plant  is  very  ornamental 
on  balconies,  terraces,  etc.  If  this  plant  is  kept 
indoors,  it  should  always  be  placed  out-of-doors  at 
night  and  as  often  as  it  is  not  wanted  for  decora- 
tion. Indoors  it  should  never  be  exposed  to  the  dry 
heat  from  a stove  or  open  fireplace,  otherwise  the 
leaves  will  drop  off  and  the  plant  perish. 

Pinus pentaphylla  [=  Pinus parviflora]  and  pine 
trees  in  general  growing  in  jardinieres  require  the 
same  attention  in  watering  and  general  treatment 
as  Thuja  obtusa  but  are  not  so  much  influenced 
by  atmospheric  conditions;  nevertheless  sun  and 


air  are  necessary  to  maintain  health,  therefore  keep 
the  plants  out-of-doors  as  much  as  possible. 

Maples  and  other  deciduous  trees  take  the  same 
treatment  as  Thuja  obtusa  as  regards  watering,  but 
are  much  more  accommodating  than  evergreens; 
in  fairly  mild  climates  the  maples  may  remain  out- 
of-doors  all  winter,  but  where  the  frost  is  very  severe 
they  should  be  kept  in  a cool  cellar  after  the  leaves 
have  fallen  in  autumn,-  the  soil  must  always  be  kept 
moist  but  not  wet-,  early  in  spring  put  the  plants 
out-of-doors  and  fully  exposed  to  all  weathers  and 
when  in  full  leaf  use  for  decoration  indoors  as 
needed. 

MANURING:  When  the  trees  commence  growing 
in  spring,  we  give  manure  twice  a month,  say 
March,  April,  May  and  June,  again  September  and 
October.  In  the  hot  days  of  July  and  August,  we  give 
no  manure  and  the  same  in  winter  and  early  spring, 
the  plants  then  being  at  rest;  the  best  manure  is 
finely  powdered  oil  cake  or  bone  meal.  To  a 
jardiniere  one  foot  in  diameter  we  give  3 or  4 large 
teaspoonfuls  not  heaped  of  this  dry  manure  spread 
evenly  around  the  edge  of  the  jardiniere;  a larger 
or  smaller  jardiniere  will  require  more  or  less.  For 
a small  jardiniere,  say  three  inches  by  six  inches, 
half  a teaspoonful  will  be  ample  each  time. 

REPOTTING:  This  is  done  by  us  once  in  two  or 
three  years  as  follows;  lift  the  plant  out  of  the 
jardiniere  and  with  a sharp  pointed  stick  remove 
about  one-third  of  the  old  soil  around  the  edges  and 
bottom,  cutting  away  a portion  of  the  old  fine  roots 
but  none  of  the  strong  roots,  then  replace  the  plant 
in  the  same  jardiniere  first  looking  to  the  drainage; 
for  a small  shallow  jardiniere  we  use  a flat  piece 
of  tin  or  a flat  crock  over  each  hole;  over  this  spread 
some  rich  fresh  soil;  neatly  balance  the  plant  and 
fill  up  with  the  same  rich  fresh  soil  to  within  one- 
half  an  inch  of  the  rim;  this  holds  the  water  and 
prevents  the  manure  being  washed  over  the  sides 
of  the  jardiniere;  also  the  soil  should  be  made  suffi- 
ciently tight  round  the  edges  of  the  jardiniere  to 
prevent  the  escape  of  water,  it  being  of  the  first 
importance  that  the  entire  ball  of  soil  around  the 
plant  be  moistened  at  each  watering.  Should  the 
watering  of  the  plant  at  any  time  be  neglected  and 
the  soil  has  become  quite  dry,  put  the  jardiniere 
in  a tub  of  water  for  10  or  15  minutes,  not  longer, 
and  if  the  injury  is  not  too  serious,  the  plant  will 
recover.  In  the  case  of  large  plants,  we  use  hollow 
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crocks  for  drainage,  the  same  as  is  used  by  growers 
of  specimen  plants.  After  several  repottings,  the 
plant  having  increased  in  size,  shift  into  a larger 
pot,  but  as  dwarfness  is  the  thing  aimed  at,  the 
smaller  the  shift  the  better.  Repotting  should  be 
done  in  February  or  March  just  before  spring  growth 
commences. 

We  advise  when  it  is  possible  to  get  the  above 
work  done  by  a good  gardener  who  has  been 
accustomed  to  the  handling  of  heaths,  New  Hol- 
land plants,  etc.  In  the  case  of  very  shallow 
jardinieres  we  find  it  desirable  annually  to  replace 
a portion  of  the  old  soil  to  maintain  a healthy 
growth. 

PRUNING:  To  maintain  dwarfness  in  the  trees, 
pinch  back  the  young  growth;  this  we  usually  do 
from  April  to  the  middle  of  June  and  always  with 
the  finger  and  thumb,  a practice  followed  by  the 


late  Mr.  Thomas  Rivers  of  Sawbridgeworth, 
England,  when  preparing  his  dwarfed  fruit  trees 
fruiting  in  pots.  In  Thuja  obtusa  we  pinch  out  the 
points  of  the  young  growth  all  over  the  plant  to 
maintain  the  form;  this  practice  we  also  apply  to 
Cryptomeria  and  all  other  conifers  except  Pinus. 
Pinus:  we  pinch  out  the  points  of  the  irregular 
growth  simply  to  maintain  the  shape  of  the  plant. 
Pomegranate,  Lagerstroemia  indica,  flowering 
peach,  flowering  cherry,  etc.:  we  pinch  back  the 
nonflowering  shoots  either  before  or  after  bloom- 
ing. Wisteria:  in  July  and  August  we  pinch  back  all 
the  young  growth  leaving  only  four  or  five  leaves 
on  each  shoot.  Maple  and  other  deciduous  trees  are 
pinched  back  at  the  same  time  as  Thuja  obtusa 
leaving  two  to  four  leaves  as  may  be  necessary  to 
maintain  the  desired  shape  of  the  plants.  Should 
a second  growth  be  made,  the  same  rule  is  followed 
of  pinching  out  the  points. 


Lowbush  Blueberries:  Out  of  the  Barrens  and  into 
the  Garden 

Ann  Crichton-Hanis 


This  neglected  native  has  great  potential  as  a landscape  groundcover. 


Busloads  of  fall  color-watchers  spend  count- 
less hours  traveling  the  roads  of  New 
England — north  into  New  Hampshire  and  Ver- 
mont, west  to  the  Berkshires,  and  northeast 
into  the  southwestern  parts  of  Maine.  These 
visitors  get  a wonderful  show.  The  fall  blaze 
of  the  New  England  maples  is  world  famous 
and  justly  so. 

The  color,  of  course,  is  evanescent.  You  have 
to  watch  the  weather  and  the  newspaper 
reports  to  catch  it  as  it  peaks,  and  it  may  be 
that  you  miss  the  best  of  the  show  because 
of  a change  in  the  weather.  Under  the  best  of 
conditions,  the  peak  foliage  color  lasts  only 
a week  or  two. 

There  is  a less  well-known  show  that  is 
equally  brilliant  in  color  but  is  even  better  in 
one  respect — it  lasts  much  longer.  The  rare 
autumn  visitor  to  downeast  Maine  cannot  fail 
to  be  amazed  by  the  show  of  color  of  the  thou- 
sands of  acres  of  open  barrens,  as  the  local 
blueberry  fields  are  called.  Washington  and 
Hancock  counties  are  the  places  to  go  to  see 
one  of  the  most  remarkable  color  shows  any- 
where. Starting  around  the  first  of  September 
and  running  through  the  end  of  November,  or 
whenever  snow  starts  to  fall,  most  tourists 
miss  a display  of  astonishing  beauty.  While 
much  of  the  color  is  visible  from  Route  1,  it 
is  better  if  you  strike  inland  a few  miles  off 
the  main  road.  Vaccinium  angustifolium,  the 
lowbush  blueberry  that  carpets  the  area,  has 
an  exquisite  palette.  Punctuated  by  rocks  and 


by  groups  of  red  pine  ( Pinus  resinosa ) and 
other  native  plants,  this  part  of  Maine  resem- 
bles an  old  French  tapestry  throughout  the 
year. 

A Multi-Season  Display 

The  blueberry  is  a plant  for  all  seasons.  In 
early  spring  the  leaves  range  from  bright  yel- 
low to  dark  green;  in  May  the  flowers  may  be 
either  white  or  white  tinged  with  pink.  In  July 
the  berries  are  beginning  to  turn  deep  blue. 
In  the  fall  the  colors  of  the  leaves  run  from 
greens  to  deep  wine  red,  bright  red,  orange  red, 
and  even  a rare  bright  yellow.  The  different 
types  have  different  color  sequences.  They 
compete  with  one  another  for  living  space, 
one  patch  pushing  against  another,  yet  each 
managing  to  keep  its  more  or  less  circular 
shape.  By  mid-October  the  leaves  are  gone  but 
the  dramatic  effect  continues.  Most  of  the 
plants  have  bright  red,  or  even  bright  green, 
stems. 

Very  little  attention  has  been  paid  to  the  use 
of  these  plants  in  ornamental  horticulture.  As 
a landscape  designer  in  the  downeast  Maine 
area,  I found  this  out  when  my  clients  asked 
me  to  produce  a natural-looking  landscape, 
low  in  maintenance,  thriving  on  our  peaty, 
acid  soils,  and  having  the  potential  to  attract 
wildlife.  Meeting  all  these  requirements,  low- 
bush blueberries  seemed  to  be  the  answer.  To 
my  surprise,  I found  that  local  nurseries  sel- 
dom, if  ever,  sell  the  lowbush  blueberry,  and 
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when  they  do,  it  is  inevitably  a variety 
selected  for  its  fruit  production  rather  than  its 
ornamental  characteristics.  The  wild  blueber- 
ries are  an  important  cash  crop  in  the  area, 
the  bulk  of  the  crop  being  processed  for  the 
commercial  food  industry.  Most  people  who 
have  tasted  lowbush  blueberries  consider  their 
flavor  superior  to  the  larger  fruit  of  the  high- 
bush  blueberry,  V corymbosum,  generally  the 
only  fresh  blueberry  sold  in  grocery  stores. 

The  lowbush  blueberry  is  called  "wild"  by 
virtue  of  its  heterogeneous  genetic  back- 
ground. If  you  wanted  to  design  a field  that 
would  copy  nature,  and  if  you  wanted  to  do 
it  without  waiting  twenty  years  for  the  effect 
to  take  shape,  it  would  be  almost  impossible. 
Although  different  clones  (as  the  mother  plant 
and  her  rhizomatous  progeny  are  called)  often 
have  very  different  properties,  you  cannot  at 
this  time  purchase  fifty  plants  with,  say,  a 
deep  red  fall  color  that  will  retain  their  leaves 
a long  time,  and  another  hundred  in  bright 
yellow,  and  so  on.  Those  that  you  see  in  the 
fields  have  been  there  for  a long  time,  often 
hundreds  of  years,  and  if  you  dig  a few  here 
and  there  from  the  side  of  the  road  and  plant 
them  in  your  own  garden,  you  will  inevitably 
end  up  with  a tweedy  effect.  If  you  had  in 
mind  drifts  of  color,  rather  like  bulbs  planted 
for  naturalization,  then  you  have  to  be  able 
to  buy  quantities  of  plants  that  have  specified 
characteristics.  It  should  be  possible  to  design 
an  "earth  tapestry"  that  will  imitate  nature, 
and  possibly  improve  on  it,  showing  broad 
brush  strokes  of  color  as  from  a Jacobean 
palette. 

Blueberries  Are  Low-Maintenance 

As  landscape  plants,  lowbush  blueberries  ini- 
tially take  some  work,  primarily  weeding  and 
attention  to  soil  pH  and  texture,  but  as  time 
goes  on,  they  can  definitely  be  classified  as 
low-maintenance  for  landscape  purposes. 
Once  established,  they  need  to  be  burned  or 
mowed  closely  every  second  or  third  year. 
This  results  in  more  vigorous  spreading  and 
a much  better  harvest  in  the  intervening  years. 
The  severe  pruning  also  has  the  effect  of  keep- 


Close-up  of  the  flowers  of  Vaccinium  angustifolium. 
Photo  by  Racz  and  Debreczy. 


ing  the  plants  lower  and  more  manageable, 
and  helps  in  controlling  disease  and  weeds. 

In  the  wild,  blueberries  grow  happily  in  full 
sun  and  in  nutrient -poor,  sandy  soil.  This 
means  that  if  you  plant  them  in  rich  garden 
soil  the  weeds  will  benefit  more  than  the 
blueberries.  In  general,  blueberries  are  remark- 
ably stress  tolerant,  but  too  much  stress,  such 
as  lack  of  water  or  even  a truck  backing  over 
the  plants,  will  result  in  premature  color 
change  in  the  fall. 

If  a harvest  of  berries  is  desired,  it  is  better 
to  plant  a number  of  different  clones  for 
increased  cross-pollination.  The  fruit  is  ready 
to  be  picked  towards  the  end  of  July  and  will 
continue  to  ripen  almost  until  the  end  of 
August.  By  the  end  of  October,  the  leaves  will 
have  dropped,  leaving  the  stems  to  shine  in 
the  sunlight,  many  of  them  shimmering  green 
or  red  against  the  first  snows,  rather  in  the 
manner  of  the  red  osier  or  the  yellow-twig 
dogwood.  I think  this  effect,  when  seen  in 
sunlight,  is  just  as  dramatic  as  that  of  the 
leaves. 

Hardy  from  U.S.D.A.  Zones  7 to  3,  lowbush 
blueberries  are  well  adapted  to  an  acid  soil, 


40  Blueberries 


The  blueberry  barrens  of  Maine.  Photo  by  Tom  Gomes,  University  of  Maine. 


preferably  pH  4.3  to  5.0,  with  low  nutrient 
content.  Although  small  plots  of  earth  can  be 
adjusted  for  acidity  by  incorporating  peat,  saw- 
dust, pine  needles,  or  bark,  larger  plantings 
might  better  be  restricted  to  the  acidic,  coarse- 
textured  soils  of  the  northeastern  United 
States  and  Canada  where  they  flourish  natur- 
ally. With  this  in  mind,  companion  plants 
such  as  Rhododendron,  Comptonia,  Kalmia 
angustifolia,  funiperus,  both  horizontalis  and 
procumbens  'Nana,'  and  the  heaths  and 
heathers  would  be  good  choices  for  a wild  or 
woodsy  garden.  Spacing  for  the  blueberry 
plants  is  largely  a matter  of  how  long  you 
want  to  wait.  They  propagate  by  subsurface, 
woody  rhizomes  and  are  not  rapid  growers,  so 
one  might  start  with  plants  fifteen  inches  on 
center  for  a residential  area. 

The  Future 

For  the  past  two  years,  I've  been  collecting 
information  on  leaf  and  stem  color,  leaf  reten- 
tion, height,  and,  lastly,  fmit  yield  of  ten 
clones  chosen  initially  for  their  striking 
autumnal  color.  This  project  began  in  Septem- 


ber, 1987,  at  the  Maine  Agricultural  Experi- 
mental Station  in  Jonesboro,  Maine.  My  goal 
was  to  find  clones  worth  propagating  in  quan- 
tity and  eventually  to  make  them  available  to 
both  commercial  horticulturists  and  home 
gardeners.  I am  looking  forward  to  having 
named  varieties  with  specific  characteristics 
available  in  the  next  few  years.  Thus  cottagers 
and  homeowners  interested  in  enjoying  the 
look  of  the  landscape — with  just  an  occa- 
sional foray  into  picking  enough  berries  for  a 
pie  or  for  morning  cereal — will  be  able  to  real- 
ize their  ambitions.  Although  my  research  has 
leaned  particularly  towards  the  visual  aspect, 
I also  harvested  and  weighed  the  yield  from 
one  square  yard  of  each  clone  that  I tagged. 
Yield  ran  from  just  two  ounces  to  slightly  over 
two  pounds!  Fortunately  some  of  the  highest 
producers  in  both  quantity  and  flavor  were  the 
same  ones  that  developed  the  best  fall  and 
winter  colors. 


Ann  Crichton-Harris  is  a landscape  designer  who  lives 
in  Columbia  Falls,  Maine  04623. 


The  Magnificent  Ginger 

Gary  L.  Roller 


Introduced  into  North  America  only  ten  years  ago,  Asarum  magnificum  has 
already  attracted  attention. 


Horticultural  and  botanical  aficionados  who 
travel  abroad  often  discover  unfamiliar  plants 
that  look  as  though  they  might  have  garden 
application  in  their  home  countries.  During 
May  and  June  of  1978,  Dr.  Richard  Howard, 
then  Director  of  the  Arnold  Arboretum, 
visited  the  People's  Republic  of  China  on  a 
tour  sponsored  by  the  Botanical  Society  of 
America  and  hosted  by  the  Chinese  Academy 
of  Sciences.  The  delegates'  travels  were  exten- 
sive and  included  a visit  to  the  Wuhan  Insti- 
tute of  Botany.  It  was  here  that  Dr.  Howard 
noticed  an  unusual  Asarum  (commonly 
called  wild  ginger)  under  cultivation.  He 
immediately  recognized  it  as  "very  handsome 
and  very  different"  from  anything  he  had  seen 
before.  He  was  given  a small  division  only 
after  promising  not  to  write  a description  of 
the  plant  in  the  botanical  literature,  since  the 
Chinese  scientists  who  had  discovered  it  in 
Hunan  Province  had  not  yet  done  so.  Indeed, 
a full  description  of  Asarum  magnificum  was 
not  published  until  five  years  later,  in  1983, 
by  C.-Y.  Cheng  and  C.-S.  Yang  in,  fittingly,  The 
Journal  of  the  Arnold  Arboretum.  According 
to  the  authors,  the  plant  grows  over  a wide 
geographical  range,  having  been  found  in 
Jiangxi,  Zhejiang,  Hubei,  and  Guangdong 
provinces  as  well  as  Hunan.  We  believe  that 
Dr.  Howard's  delivery  of  this  plant  to  the 
Arnold  Arboretum  in  1978  was  its  original 
introduction  into  North  America. 

Stunning  Foliage 

The  largest  plant  of  Asarum  magnificum 
known  to  this  author  forms  a clump  approxi- 
mately thirty  to  forty  centimeters  (twelve  to 


fifteen  inches)  tall.  This  large  stature  is  one 
of  the  features  that  makes  the  plant  hand- 
some and  different.  Another  is  the  large,  heart- 
shaped  leaves,  with  two  prominent  lobes,  that 
project  back  from  the  point  where  the  peti- 
ole is  attached.  The  upper  leaf  surface  is  a rich 
dark-green  color  with  silvery  markings.  These 
silver  patches  form  a continuous,  but  irregu- 
lar, band  aligned  parallel  to  the  leaf  lobes. 
Between  this  band  and  the  edges  of  the  leaf 
there  are  numerous  small  flecks  of  silver.  In 
fanciful  terms,  the  magnificent  ginger  seems 
to  combine  the  elegant  foliage  of  some  of  the 
more  familiar  Asarums  with  the  image  and 
presence  of  a variegated  Hosta. 

The  flowers  of  the  magnificent  ginger  are 
relatively  large  in  comparison  to  the  other  spe- 
cies in  the  genus.  They  are  about  five  cen- 
timeters across  (two  inches)  and  purple-brown 
in  color.  Unfortunately,  they  hug  the  surface 
of  the  ground  and  are  often  obscured  from 
view  by  the  foliage. 

Cultivation 

What  have  we  learned  about  this  plant  dur- 
ing its  first  ten  years  in  North  America?  For 
one  thing  it  has  the  potential  to  become 
extremely  popular  in  light  of  the  fact  that  the 
original  plant  at  the  Arnold  Arboretum  green- 
houses was  stolen  after  a single  division  was 
put  up  for  sale  at  the  Arboretum's  annual  rare 
plant  auction  in  1985.  Fortunately,  the  divi- 
sion had  been  purchased  by  Allen  Haskell  of 
New  Bedford,  Massachusetts,  who  generously 
donated  a piece  back  to  the  Arboretum  after 
the  theft  of  our  plant.  Subsequently  his  plants 
and  those  growing  in  another  nursery  were 
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Asarum  magnificum.  Illustration  from  the  Journal  of 
the  Arnold  Arboretum,  1985,  volume  64,  page  594. 
One  half  natural  size. 


stolen.  At  this  point,  a decision  was  made  to 
divide  and  distribute  the  remaining  stock  to 
various  locations.  This  experience  provides  a 
clear  example  of  the  merit  of  sharing  rare 
plants  so  that  losses  can  be  recouped  by  the 
exchange  of  surviving  materials. 

We  have  determined  that  Asarum  magnifi- 
cum is  hardy  out-of-doors  in  Massachusetts. 
This  is  somewhat  surprising  since  the  large 
leaves  are  fully  evergreen.  Allen  Haskell  re- 
ports that  one  year  he  set  out  five  plants  in 
his  garden  in  New  Bedford  in  November,  a 
time  which  is  less  than  ideal,  and  that  all  five 
survived.  This  success  may  have  been  because 
they  were  growing  in  a location  that  was  par- 
tially shaded.  Because  the  rhizomes  and  roots 
are  shallow,  Haskell  recommends  that  the 


plant  be  grown  in  a moist,  organic  soil  and 
that  it  be  well  watered  prior  to  the  freezing 
of  the  soil.  In  addition,  plants  should  be 
sheltered  from  both  the  summer  and  winter 
sun  and  strong  winds,  which  might  dessicate 
the  foliage.  One  plant,  growing  at  the  Garden 
in  the  Woods  in  Framingham,  Massachusetts, 
which  is  a good  five  to  ten  degrees  colder  than 
New  Bedford,  failed  to  survive  the  winter.  At 
the  edges  of  its  northern  border  of  hardiness, 
it  might  be  wise  to  protect  the  plant  with  an 
antidessicant. 

Richard  Weaver,  former  staff  member  of  the 
Arnold  Arboretum  and  now  co-owner  of  We- 
Du  Nursery  in  Marion,  North  Carolina,  also 
sent  us  a report  based  on  his  six  years' 
experience  growing  the  magnificent  ginger. 
He  states  that  the  plant  sends  out  rhizomes 
up  to  a foot  in  length,  which,  instead  of  form- 
ing a clump,  will  produce  a leaf  here  and  there, 
forming  a diffuse  and  open  plant.  This  open 
character  makes  the  plant  somewhat  less 
beautiful  in  the  ground  than  it  is  in  a pot,  and 
suggests  that  perhaps  the  plant  needs  to  be 
confined  in  order  to  look  its  best.  The  plant 
is  fully  evergreen  at  his  location  in  North 
Carolina  where  temperatures  have  fallen  as 
low  as  minus  six  degrees  Fahrenheit. 

Weaver  also  reports  that  late  spring  frosts 
have  sometimes  damaged  the  new  growth  on 
his  plants  and  reduced  their  overall  vigor.  Last 
summer  he  moved  one  plant  to  a relatively 
wet  site,  which  turned  out  to  be  a mistake. 
He  has  since  moved  it  back  to  a location  with 
better  drainage.  Experience  has  taught  him 
that  the  magnificent  ginger  is  easy  to  trans- 
plant at  almost  any  time  during  the  growing 
season. 

Propagation 

Propagation  of  Asarum  magnificum  is  rela- 
tively easy,  a feature  that,  along  with  its 
ornamental  foliage,  should  help  the  plant  to 
catch  on  quickly.  Haskell  has  discovered  that 
when  he  lifts  and  divides  a plant,  all  of  the 
remaining  root  pieces  will  produce  new 
plants.  When  he  divides  a plant,  he  lays  every 
root  scrap  horizontally  in  a mixture  of  leaf 
mold  and  sand,  and  covers  them  to  a depth  of 


Magnificent  Ginger  43 


about  one  centimeter  (one-half  inch).  Once 
the  small  plantlets  emerge,  he  transplants 
them  into  peat  pots.  These  he  places  in  a flat 
that  contains  a shallow  layer  of  compost.  As 
the  plants  root  through  the  peat  pots  into  this 
underlayer  of  compost,  he  can  harvest  these 
roots  to  propagate  the  next  generation. 
According  to  Haskell,  an  individual  root  piece 
can  produce  plantlets  for  up  to  two  years. 

In  the  garden  the  magnificent  ginger  looks 
good  either  as  a specimen  or  in  a mass  plant- 
ing, similar  to  a large  grouping  of  hostas.  As 
a garden  combination,  the  bold  cordate  leaves 
of  the  magnificent  ginger  contrast  beautifully 
with  the  delicate  foliage  of  the  Japanese 
painted  fern  ( Athyrium  goeringianum  'Pic- 
turn').  It  is  also  attractive  when  planted  in 
islands  carved  within  a bed  of  Vinca  minor. 
The  green  of  both  foliages  is  the  same  shade, 
and  visually  the  contrast  in  form  and  texture 
is  elegant  and  appealing. 


As  gardeners,  we  owe  a debt  of  gratitude 
both  to  Dr.  Howard  for  recognizing  a plant  of 
distinction  and  bringing  it  home  so  that  we 
could  discover  its  beauty  and  its  uses  in  the 
garden  and  to  the  staff  of  the  Wuhan  Institute 
of  Botany  for  generously  sharing  this  plant 
with  us. 
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BOOKS 


Dr.  Richard  Evans  Schultes 

The  New  Environmental  Age,  by  Max  Nichol- 
son. Cambridge  University  Press,  Cambridge, 
England.  1987.  Pp.  xvii  + 232.  Hardback 
$27.95;  paper  $14.95. 

The  plethora  of  publications  on  environ- 
mental conservation  has  produced  a number 
of  outstanding  studies.  The  present  volume, 
however,  stands  far  above  most  of  the  run-of- 
the-mill  publications.  It  is  superb. 

The  author  was  "one  of  the  environmental 
revolutionaries  of  the  early  post-war  years." 
The  main  thrust  of  this  volume  can  be 
summed  up  adequately  by  a statement  found 
in  the  introduction:  "It  is  one  thing  to  be  con- 
scious of  the  damage  we  are  doing;  it  is  quite 
another  matter  to  come  to  understand  how  to 
repair  the  damage  already  done  and  how  to 
limit  further  damage  in  the  future." 

The  foreword  is  by  Prince  Philip,  Duke  of 
Edinburgh,  himself  an  avid  and  extremely 
active  conservationist  and  president  of  the 
World  Wildlife  Fund.  The  book  is  divided  into 
nine  chapters:  (1)  Context  of  the  Struggle;  (2) 
Early  Years  of  Environmental  Conservation,- 
(3)  Environmental  Conservation  Comes  of 
Age;  (4)  Growth  of  Knowledge  and  the  Spread 
of  Ideas;  (5)  Organization  and  Resources  of  the 
Movement;  (6)  Interactions;  (7)  Pioneers  of 
Conservation;  (8)  Critical  Appraisal  of  the 
Movement  Today,-  (9)  A Forward  View. 

The  most  cogent  of  these  nine  chapters  are 
numbers  3,  4,  8,  and  9,  although  much  of  ines- 
timable value  is  presented  in  the  other  chap- 
ters. The  whole  book  is  outstandingly  perti- 
nent and  deserves  to  be  read  and  taken  to 
heart  by  all  interested  in  environmental  pro- 
tection and  its  significance  to  the  future  of  the 
human  race. 


Complete  Book  of  Everlastings,  by  Mark  and 
Terry  Silber.  Alfred  A.  Knopf,  New  York.  1988. 
Pp.  ix  + 214.  $29.95. 

A most  charming  book  on  a neglected 
aspect  of  horticulture,  this  contribution — 
beautifully  illustrated  in  color  and  superbly 
published — is  a magnificent  credit  to  the 
authors  and  to  the  publishers. 

When  Mark,  one  of  my  former  students  at 
Harvard,  and  his  wife  Terry,  formerly  art  direc- 
tor of  the  Atlantic  Monthly  and  author  of  A 
Small  Farm  in  Maine,  decided  to  live  in  the 
peace  and  quiet  of  Maine,  they  began  to  inves- 
tigate and  cultivate  "everlasting"  plants — 
those  whose  beauty  is  preserved,  and  in  some 
cases  enhanced,  by  drying.  What  started  out 
as  a hobby  has  become  a full-time  effort.  For 
the  authors  it  is  not  only  a financially  profita- 
ble occupation  but  also  an  artistic  endeavor 
of  the  most  unusual  nature.  The  book  con- 
tains very  detailed  data  on  how  to  collect  and 
grow,  preserve,  prepare,  and  display  many  ever- 
lasting species. 

The  book  is  divided  into  several  sections: 
Introduction;  From  Seed  to  Harvest;  Annuals; 
Perennials;  Picking  in  the  Wild;  Designing 
with  Everlastings.  There  is  a selected  bibliog- 
raphy and  common-name  and  botanical-name 
indices.  In  the  pages  of  The  Complete  Book 
of  Everlastings,  enthusiasts  will  find  all  that 
they  need  to  know  about  this  fascinating 
aspect  of  horticulture. 


Prof.  Richard  Evans  Schultes  is  the  former  director  of  the 
Botanical  Museum  of  Harvard  University,  a position  he 
held  for  many  years. 
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Front  cover:  "Ficus-Florida."  Original  drawing  by  John 
Singer  Sargent.  Donated  to  the  Arnold  Arboretum  by 
Miss  Emily  Sargent  and  Mrs.  Francis  Ormond  in 
1931. 

Inside  front  cover:  The  root  system  of  Ficus  retusa, 
grown  as  a bonsai  specimen.  Photographed  in 
October,  1989,  in  Wuhan,  China,  by  Peter  Del  Tredici. 

Inside  back  cover:  Close-up  of  the  bark  of  Parrotia 
persica  at  the  Arnold  Arboretum.  Photograph  by  Racz 
and  Debreczy. 


A root  of  white  spruce,  Picea  glauca,  exposed  and  painted  white  to  make  it  more  visible.  This  particular  root 
extended  for  a distance  of  20  meters  (65  ft),  and  the  portion  shown  is  growing  in  an  adjacent  white  pine  fPinus 
strobusj  plantation.  It  grew  at  a level  between  the  forest  floor  and  the  mineral  soil,  well  above  the  woody  white 
pine  roots,  which  normally  grow  within  the  mineral  soil.  Photograph  by  Walter  Lyford,  Harvard  Forest,  Peter- 
sham, Massachusetts,  May,  1972. 


Tree  Roots:  Facts  and  Fallacies 


Thomas  O.  Perry 


A proper  understanding  of  the  structure  and  function  of  roots  can  help 
people  become  better  gardeners. 


Plant  roots  can  grow  anywhere — in  the  soil, 
on  the  surface  of  the  soil,  in  the  water,  and 
even  in  the  air.  Except  for  the  first  formed 
roots  that  respond  positively  to  gravity,  most 
roots  do  not  grow  toward  anything  or  in  any 
particular  direction.  Root  growth  is  essentially 
opportunistic  in  its  timing  and  its  orientation. 
It  takes  place  whenever  and  wherever  the 
environment  provides  the  water,  oxygen, 
minerals,  support,  and  warmth  necessary  for 
growth. 

Human  activities,  such  as  construction, 
excavation,  and  gardening,  often  result  in  seri- 
ous damage  to  trees.  In  some  cases,  trees  can 
be  inadvertently  injured  by  people  who  are 
trying  to  protect  them.  Indeed,  people  can  kill 
trees  in  hundreds  of  ways,  usually  because  of 
misconceptions  about  root-soil  relationships, 
or  because  of  a disregard  of  the  basic  functions 
that  roots  perform. 

In  order  to  maintain  the  health  of  cultivated 
trees  and  shrubs,  it  is  necessary  to  understand 
the  morphology  and  physiology  of  tree  roots 
in  relation  to  the  aerial  portions  of  the  plant. 
For  those  who  are  responsible  for  maintain- 
ing the  health  of  woody  plants,  this  article 
examines  some  widely  held  misconceptions 
about  roots.  It  describes  the  typical  patterns 
of  root  growth  as  well  as  their  locations  and 
dimensions  underground.  It  also  describes  the 
relationship  of  healthy  roots  to  typical  forest 
soils  as  well  as  the  behavior  of  roots  adapted 
to  atypical  circumstances — growing  through 


deep  sands,  under  pavements,  down  crevices, 
inside  shopping  malls,  and  in  sewer  lines. 

The  Relationship  Between  Roots  and 
Other  Parts  of  the  Plant 

The  growth  of  a plant  is  an  integrated  phe- 
nomenon that  depends  on  a proper  balance 
and  functioning  of  all  parts.  If  a large  portion 
of  the  root  system  is  destroyed,  a correspond- 
ing portion  of  the  leaves  and  branches  will  die. 
Contrariwise,  if  a tree  is  repeatedly  defoliated, 
some  of  its  roots  will  die  back.  Proper  func- 
tioning of  roots  is  as  essential  to  the  processes 
of  photosynthesis  as  are  the  leaves  and  other 
chlorophyll-bearing  parts  of  the  plant.  Typical 
roots  are  the  sites  of  production  of  essential 
nitrogenous  compounds  that  are  transported 
up  through  the  woody  tissues  of  the  plant, 
along  with  water  and  mineral  nutrients. 

The  fine  feeder  roots  of  a tree  are  connected 
to  the  leaves  by  an  elaborate  plumbing  system 
consisting  of  larger  transport  roots,  trunk, 
branches,  and  twigs.  Many  researchers  have 
weighed  and  estimated  the  proportions  of  var- 
ious plant  parts.  Weighing  and  counting  every 
root  tip  and  every  leaf  is  a heroic  if  not  impos- 
sible task,  and  careful  sampling  is  essential 
to  making  accurate  estimates.  Sampling  errors 
and  variation  among  species  produce  variable 
results,  but  the  biological  engineering  require- 
ments of  plants  are  apparently  similar,  and 
the  relative  proportions  of  both  mature  herbs 
and  mature  trees  are  of  the  same  order  of  mag- 
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nitude:  5 percent  fine  or  feeder  roots,  15  per- 
cent larger  or  transport  roots,  60  percent  trunk 
or  main  stem,  15  percent  branches  and  twigs, 
and  5 percent  leaves  (Bray,  1963;  White  et  al., 
1971;  Meyer  and  Gottsche,  1971). 

A tree  possesses  thousands  of  leaves  and 
hundreds  of  kilometers  of  roots  with  hundreds 
of  thousands  of  root  tips.  The  numbers, 
lengths,  and  surface  areas  of  roots  per  tree  and 
per  hectare  are  huge.  Plant  scientists  try  to 
make  the  numbers  comprehensible  by  talking 
about  square  units  of  leaf  surface  per  unit  of 
land  surface — the  "leaf  area  index."  If  both 
sides  of  the  leaf  are  included,  the  leaf  area 
index  of  a typical  forest  or  typical  crop  is 
about  12  during  the  height  of  the  growing  sea- 
son (Moller,  1945;  Watson,  1947;  and  many 
modern  texts  on  crop  physiology). 

The  number  of  square  units  of  root  surface 
per  unit  of  land  surface,  the  "root  area  index," 
can  be  calculated  from  studies  that  report  the 
number  of  grams  of  roots  present  in  a verti- 
cal column  of  soil.  Such  data  are  determined, 
first,  by  taking  core  samples  or  digging  out 
successive  layers  of  soil  and  screening  and 
sorting  the  roots  and,  second,  by  determining 
their  average  lengths  and  diameters  as  well  as 
their  oven-dry  weights.  The  quantity  of  roots 
decreases  rapidly  with  increasing  depth  in 
normal  soils,  so  that  99  percent  of  the  roots 
are  usually  included  in  the  top  meter  (3  ft)  of 
soil  (Code,  1937).  A reasonable  approximation 
for  non-woody  tissues  is  that  the  oven-dry 
weight  is  one-tenth  of  the  fresh  weight  and 
that  the  density  of  fresh  roots  is  very  close  to 
one.  If  one  makes  these  assumptions  for  Lel- 
banlc's  data  (1974)  for  winter  wheat  [Triticum 
aestivum ) and  for  Braekke  and  Kozlowski's 
data  (1977)  for  red  pine  ( Pinus  resinosa ) and 
paper  birch  ( Betula  papyrifera),  the  calcula- 
tions indicate  a root  area  index  between  15 
and  28.  E.  W.  Russell's  data  (1973)  are  of  the 
same  magnitude,  clearly  indicating  that  the 
surface  of  the  root  system  concealed  in  the 
soil  can  be  greater  than  the  surface  of  the 
leaves!  Amazingly,  this  conclusion  does  not 
take  into  account  the  fact  that  nearly  all  tree 
roots  are  associated  with  symbiotic  fungi 


(mycorrhizae),  which  functionally  amplify  the 
effective  absorptive  surface  of  the  finer  roots 
a hundred  times  or  more. 

The  pattern  of  conduction  between  the 
roots  and  leaves  of  a tree  varies  between  and 
within  species.  Injection  of  dyes  and  observa- 
tion of  their  movement  indicate  that,  in  oaks 
and  other  ring-porous  species  with  large 
diameter  xylem  vessels,  a given  root  is  directly 
connected  to  a particular  set  of  branches, 
usually  on  the  same  side  of  the  tree  as  the  root 
(Zimmerman  and  Brown,  1971;  Kozlowski  and 
Winget,  1963).  Death  or  damage  to  the  roots 
of  trees  with  such  restricted,  one-sided  plumb- 
ing systems  usually  results  in  the  death  of  the 
corresponding  branches.  Other  tree  species 
possess  different  anatomies  in  which  dyes 
ascend  in  zigzag  or  spiral  patterns,  indicating 
that  the  roots  of  the  tree  serve  all  of  the 
branches  and  leaves  (Figure  1).  Death  or  injury 
to  the  roots  of  such  trees  does  not  lead  to  a 
one-sided  death  in  the  crown  of  the  tree.  The 
anatomy  of  trees  can  vary  within  species,  and 
the  patterns  of  connection  between  the  roots 
of  most  species  are  unknown.  Sometimes  the 
pattern  can  be  detected  by  examining  the  pat- 
tern of  bark  fissures,  which  usually  reflects 
a corresponding  pattern  in  the  woody  tissues 
concealed  beneath  the  bark.  Knowledge  of  the 
pattern  of  conduction  between  roots  and 
leaves  is  of  practical  importance  in  predicting 
the  results  of  treating  trees  with  fertilizers, 
insecticides,  and  herbicides,  or  in  predicting 
the  results  of  one-sided  injuries  to  trees  dur- 
ing construction. 

Patterns  of  Growth  and  Development  in 
Typical  Soils 

Early  observations  of  tree  roots  were  limited 
to  examining  the  taproot  and  the  larger  roots 
close  to  the  trunk  of  the  tree  or  to  examining 
the  vertical  distribution  of  severed  roots 
exposed  by  digging  trenches  and  pits  (Busgen 
and  Munsch,  1929;  Coile,  1952;  Garin,  1942; 
Bohm,  1979).  Attempts  to  examine  the  depth 
and  extent  of  the  larger  roots  of  an  entire  tree 
were  not  really  possible  until  bulldozers,  back- 
hoes,  front-end  loaders,  and  fire  pumps 
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became  available  (Stout,  1956;  Berndt  and 
Gibbons,  1958;  and  Kostler  et  al.,  1968).  Unfor- 
tunately, most  tree  roots  are  less  than  one  mil- 
limeter in  diameter  and  are  destroyed  by  the 
rough  action  of  such  heavy  equipment. 

Examination  of  the  small  non-woody  roots 
of  trees  and  their  relationship  to  the  larger 
roots  requires  years  of  study,  infinite  patience, 
and  the  gentle  use  of  heavy  equipment.  Walter 
Lyford  and  his  colleagues  at  the  Harvard 
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Figure  1.  Five  types  of  water-conducting  systems  in 
various  conifers  as  shown  by  the  tracheidal  channels 
dyed  by  trunk  injection.  The  numbers  give  the  height 
in  centimeters  of  the  transverse  section  above 
injection.  A.  Spiral  ascent,  turning  right:  Abies,  Picea, 
Larix  and  Pinus  (Rehder’s  section  3,  TaedaJ.  B.  Spiral 
ascent,  turning  left:  Pinus  (Rehder’s  section  2, 
Cembraj.  C.  Interlocked  ascent:  Sequoia,  Libocedrus 
and  Juniperus.  D.  Sectorial,  winding  ascent:  Tsuga 
and  Pseudotsuga.  £.  Sectorial,  straight  ascent:  Thuja 
and  Chamaecyparis.  Oaks  and  many  ring-porous 
species  have  a pattern  similar  to  E.  From  Rudinski 
and  Vite,  1959.  Reprinted  courtesy  of  the  Boyce 
Thompson  Institute  for  Plant  Research. 


Forest  in  Petersham,  Massachusetts,  were 
among  the  first  to  combine  tweezers  and 
patience  with  bulldozers  and  haste  to  develop 
a comprehensive  picture  of  the  normal  pat- 
terns of  root  development  for  trees  growing  in 
natural  situations.  The  following  description 
of  the  growth  of  tree  roots  is  a synthesis  of 
Lyford's  published  descriptions,  the  author's 
personal  observations,  and  recent  books  on 
the  subject  (Kostler  et  al.,  1968,  Bohm,  1979; 
Torrey  and  Clarkson,  1975;  R.  S.  Russell,  1977; 
E.  W.  Russell,  1973). 

Tree  roots  vary  in  size  from  large  woody 
roots  30  centimeters  (12  in)  or  more  in 
diameter  to  fine,  non-woody  roots  less  than 
0.2  millimeters  (0.008  in)  in  diameter.  The 
variation  in  size  from  large  to  small,  and  the 
variation  in  categories  from  woody  to  non- 
woody,  perennial  to  ephemeral,  and  absorbing 
to  non-absorbing,  is  continuous.  This  continu- 
ous variation  makes  the  sorting  of  roots  into 
various  categories  arbitrary.  Nonetheless,  clas- 
sification and  sorting  are  essential  to  compre- 
hending the  pattern  and  integrated  function 
of  the  total  root  system. 

The  first  root,  the  radicle,  to  emerge  from 
the  germinating  seed  of  some  species,  such  as 
pines,  oaks,  and  walnuts,  sometimes  persists 
and  grows  straight  down  into  the  soil  to 
depths  of  1 to  2 meters  (3  to  6 ft)  or  more,  until 
supplies  of  oxygen  become  limiting.  If  this 
"taproot"  persists,  it  is  usually  largest  just 
beneath  the  tree  trunk  and  decreases  rapidly 
in  diameter  as  secondary  roots  branch  from 
it  and  grow  radially  and  horizontally  through 
the  soil.  The  primary  root  of  other  species, 
such  as  spruces,  willows,  and  poplars,  does 
not  usually  persist.  Instead,  a system  of 
fibrous  roots  dominates  early  growth  and 
development. 

Between  four  and  eleven  major  woody  roots 
originate  from  the  "root  collar"  of  most  trees 
and  grow  horizontally  through  the  soil.  Their 
points  of  attachment  to  the  tree  trunk  are 
usually  at  or  near  ground  level  and  are 
associated  with  a marked  swelling  of  the  tree 
trunk  (Figure  2).  These  major  roots  branch  and 
decrease  in  diameter  over  a distance  of  one  to 
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Figure  2.  Plan-view  diagram  of  the  horizontal  woody  root  system  developed  from  a single  lateral  root  of  a red 
maple  about  60  years  old.  Solid  circles  show  the  location  of  other  trees  in  the  stand.  Arrows  indicate  that  the 
root  tips  were  not  found;  therefore  these  roots  continued  somewhat  farther  than  is  shown.  From  Lyford  and 
Wilson,  1964. 


four  meters  (3  to  15  ft)  from  the  trunk  to  form 
an  extensive  network  of  long,  rope-like  roots 
10  to  25  millimeters  (.25  to  1 in)  in  diameter. 

The  major  roots  and  their  primary  branches 
are  woody  and  perennial,  usually  with  annual 
growth  rings,  and  constitute  the  framework  of 
a tree's  root  system.  The  general  direction  of 
the  framework  system  of  roots  is  radial  and 
horizontal.  In  typical  clay-loam  soils,  these 
roots  are  usually  located  less  than  20  to  30 
centimeters  (8  to  12  in)  below  the  surface  and 
grow  outward  far  beyond  the  branch  tips  of  the 
tree.  This  system  of  framework  roots,  often 
called  "transport"  roots,  frequently  extends  to 
encompass  a roughly  circular  area  four  to 
seven  times  the  area  delineated  by  an  imagi- 
nary downward  projection  of  the  branch  tips 
(the  so-called  drip  line). 


It  is  not  uncommon  to  find  trees  with  root 
systems  having  an  area  with  a diameter  one, 
two,  or  more  times  the  height  of  the  tree 
(Stout,  1956;  Lyford  and  Wilson,  1964).  In  drier 
soils,  pines  and  some  other  species  can  form 
"striker  roots"  at  intervals  along  the  frame- 
work system.  These  striker  roots  grow  down- 
ward vertically  until  they  encounter  obstacles 
or  layers  of  soil  with  insufficient  oxygen. 
Striker  roots  and  taproots  often  branch  to  form 
a second,  deeper  layer  of  roots  that  grow 
horizontally  just  above  the  soil  layers  where 
oxygen  supplies  are  insufficient  to  support 
growth  (Figures  3 and  4). 

The  zone  of  transition  between  sufficient 
and  insufficient  oxygen  supply  is  usually 
associated  with  changes  in  the  oxidation- 
reduction  state  and  color  of  the  iron  in  the  soil 
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Figure  3.  Drawing,  not  to  scale,  of  framework  system  of  longleaf  pine  tree  grown  in  well-drained  soil  with  a 
second  layer  of  roots  running  in  the  soil  layers  where  oxygen  supplies  become  limiting. 


Figure  4.  Photograph  of  framework  roots  of  longleaf  pine  including  striker  roots;  90  percent  of  the  surface  root 
system  has  rotted  and  washed  away,  Kerr  Lake,  North  Carolina. 
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Figure  5.  Mat  of  roots  above  the  permanent  water  table  exposed  by  digging  a drainage  canal,  Green  Swamp, 
North  Carolina.  A few  species  have  specialized  tissues  containing  air  passages  and  specialized  metabolisms 
that  permit  their  roots  to  penetrate  several  feet  below  the  permanent  water  table  where  little  or  no  oxygen  is 
available.  Iron  oxide  deposits  are  typically  associated  with  such  roots. 


(from  reddish-yellow  to  gray  for  example). 
Water  can  hold  less  than  1/10,000  the  oxygen 
that  air  can  hold,  and  limited  supplies  of  oxy- 
gen are  usually  associated  with  wet  soils. 
Drainage  ditches  in  swamps  reveal  an  impres- 
sive concentration  of  matted  roots  just  above 
the  permanent  water  table  (Figure  5). 

Feeder  Roots 

A complex  system  of  smaller  roots  grows  out- 
ward and  predominantly  upward  from  the  sys- 
tem of  framework  roots.  These  smaller  roots 
branch  four  or  more  times  to  form  fans  or 
mats  of  thousands  of  fine,  short,  non-woody 
tips  (see  Figures  6,  7,  8,  and  9).  Many  of  these 
smaller  roots  and  their  multiple  tips  are  0.2 
to  1 millimeter  or  less  in  diameter  and  less 


than  1 to  2 millimeters  long.  These  fine,  non- 
woody  roots  constitute  the  major  fraction  of 
the  surface  of  a tree's  root  system.  Their  mul- 
tiple tips  are  the  primary  sites  of  absorption 
of  water  and  minerals.  Flence  they  are  often 
called  feeder  roots. 

Root  hairs  may  or  may  not  be  formed  on  the 
root  tips  of  trees.  They  are  often  shriveled  and 
non-functional.  Symbiotic  fungi  are  normally 
associated  with  the  fine  roots  of  forest  trees, 
and  their  hyphae  grow  outward  into  the  soil 
to  expand  greatly  the  effective  surface  area  of 
the  root  system  (Figure  10). 

The  surface  layers  of  soil  frequently  dry  out 
and  are  subject  to  extremes  of  temperature 
and  frost  heaving.  The  delicate,  non-woody 
root  system  is  killed  frequently  by  these  flue- 
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tuations  in  the  soil  environment.  Nematodes, 
springtails,  and  other  members  of  the  soil 
microfauna  are  constantly  nibbling  away  at 
these  succulent,  non-woody  tree  roots  (Lyford, 
1975).  Injury  to  and  death  of  roots  are  frequent 
and  are  caused  by  many  agents.  New  roots 
form  rapidly  after  injuries,  so  the  population 
and  concentration  of  roots  in  the  soil  are  as 
dynamic  as  the  population  of  leaves  in  the  air 
above,  if  not  more  so. 

The  crowns  of  trees  in  the  forest  are  frayed 
away  as  branches  rub  against  one  another  in 
the  wind.  One  can  easily  observe  the  frayed 
perimeter  of  each  tree  crown  by  gazing 
skyward  through  the  canopy  of  a mature 


forest.  Such  "shyness"  is  not  seen  below  the 
ground.  Roots  normally  extend  far  beyond  the 
branch  tips,  and  the  framework  root  systems 
of  various  trees  cross  one  another  in  a com- 
plex pattern.  The  non-woody  root  systems  of 
different  trees  often  intermingle  with  one 
another  so  that  the  roots  of  four  to  seven 
different  trees  can  occupy  the  same  square 
meter  of  soil  surface  (Figure  9).  Injuries,  rocks, 
or  other  obstacles  can  induce  roots  to  deviate 
90  degrees  or  more  from  their  normal  pattern 
of  radial  growth.  These  turnings  and  intermin- 
glings  of  roots  make  the  determination  of 
which  roots  belong  to  which  tree  extremely 
difficult.  Furthermore,  natural  root  grafts 
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Figure  6.  Schematic  diagram  showing  reoccupation  of  soil  area  near  the  base  of  a mature  tree  by  the  growth 
of  adventitious  roots.  1)  Root  fans,  growing  from  the  younger  portions  of  the  woody  roots,  have  extended  to  a 
distance  of  several  meters  from  the  tree.  2)  Root  fans  on  adventitious  roots  have  only  recently  emerged  from 
the  zone  of  rapid  taper  or  root  collar  and  now  occupy  the  area  near  the  base  of  the  tree.  3)  Vertical  roots.  From 
Lyford  and  Wilson,  1964. 
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Figure  7.  Schematic  diagram  showing  woody  and  non-woody  root  relationships.  1)  Stem.  2)  Adventitious  roots 
in  the  zone  of  rapid  taper.  3)  Lateral  root.  4)  Non-woody  root  fans  growing  from  opposite  sides  of  the  rope-like 
woody  root.  5)  Tip  of  woody  root  and  emerging  first  order  non-woody  roots.  6)  Second  and  higher  order  non- 
woody  roots  growing  from  the  first  order  non-woody  root.  7)  Uninfected  tip  of  second  order  non-woody  root 
with  root  hairs.  8)  Third  order  non-woody  root  with  single  bead-shaped  mycorrhizae.  9)  Fourth  order  non-woody 
root  with  single  and  necklace-beaded  mycorrhizae.  The  horizontal  bar  beneath  each  root  section  represents  a 
distance  of  about  1 centimeter.  From  Lyford  and  Wilson,  1964. 


commonly  occur  when  many  trees  of  the 
same  species  grow  together  in  the  same  stand. 

In  summary,  large  woody  tree  roots  grow 
horizontally  through  the  soil  and  are  peren- 
nial. They  are  predominantly  located  in  the 
top  30  centimeters  (12  in)  of  soil  and  do  not 
normally  extend  to  depths  greater  than  1 to 
2 meters  (3  to  7 ft).  They  often  extend  outward 
from  the  trunk  of  the  tree  to  occupy  an  irregu- 
larly shaped  area  four  to  seven  times  larger 
than  the  projected  crown  area.  Typically,  the 
fine,  non-woody  tree  roots  grow  upward  into 
the  litter  and  into  the  top  few  millimeters  of 


the  soil,  are  multiple-branched,  and  may  or 
may  not  be  ephemeral. 

Why  Roots  Grow  Where  They  Do 

Roots  grow  where  the  resources  of  life  are 
available.  They  do  not  grow  toward  anything. 
Generally  they  cannot  grow  where  there  is  no 
oxygen  or  where  the  soil  is  compacted  and 
hard  to  penetrate.  In  most  soils,  the  number 
of  soil  pores,  and  the  consequent  availability 
of  oxygen,  decreases  exponentially  with  depth 
below  the  surface,  the  amount  of  clay,  and  the 
resistance  to  penetration  (hardness). 
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Figure  8.  Scale  diagrams  of  horizontal,  woody,  third  order  lateral  roots  of  red  oak,  Quercus  rubra.  Emphasis  is 
on  the  roots  that  return  to  the  surface  and  elaborate  into  many  small-diameter  non-woody  roots  in  the  forest 
floor.  Top  view  (above),  side  view  (below).  The  squares  are  1 meter  on  a side.  From  Lyford,  1980. 


Frost  action  and  alternate  swelling  and 
shrinking  of  soils  between  wet  and  dry  con- 
ditions tend  to  heave  and  break  up  the  soil's 
surface  layers.  Organic  matter  from  the 
decomposing  leaf  litter  acts  as  an  energy  sup- 
ply for  nature's  plowmen — the  millions  of 
insects,  worms,  nematodes,  and  other  crea- 
tures that  tunnel  about  in  the  surface  layers. 
The  combined  effect  of  climate  and  tunnel- 
ing by  animals  is  to  fluff  the  surface  layers  of 
an  undisturbed  forest  soil  so  that  more  than 
50  percent  of  its  volume  is  pore  space.  Air, 
water,  minerals,  and  roots  can  penetrate  this 
fluffy  surface  layer  with  ease.  The  decompos- 
ing leaf  litter  also  binds  positively  charged 
cations  (e.g.,  Ca++,  K + , Mg++)  and  func- 


tions to  trap  plant  nutrients  and  prevent  their 
leaching  into  the  deeper  layers  of  soil.  Soil 
analyses  show  that  the  greatest  supplies  of 
materials  essential  to  plant  life  are  located  in 
the  very  surface  layers  of  the  soil,  and,  predic- 
tably, this  is  where  most  of  the  roots  are 
located  (Woods,  1957;  Hoyle,  1965). 

Variations  in  Soil  Conditions 

Roots  are  most  abundant  and  trees  grow  best 
in  light,  clay-loam  soils  about  80  centimeters 
deep  (3  ft)  (Code,  1937,  1952).  Conversely,  root 
growth  and  tree  growth  are  restricted  in  shal- 
low or  wet  soils,  or  in  soils  that  are  excessively 
drained.  Roots  can  and  do  grow  to  great 
depths — 10  meters  (33  ft)  or  more — when  oxy- 
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Figure  9.  Photograph  of  roots  intermingling  in  the  soil.  Mixed  hardwood  stand,  Harvard  Forest,  Petersham, 
Massachusetts.  The  roots  in  from  of  the  trowel  were  exposed  by  careful  brushing  and  pulling  away  of  the  litter. 
The  roots  in  the  background  were  exposed  by  digging  down  and  destroying  the  fine  smface  roots  in  the  process. 
The  roots  have  been  sprayed  with  whitewash  to  make  them  stand  out.  Photo  by  T.  O.  Perry. 


gen,  water,  and  nutrients  are  available  at  these 
depths.  Tree  roots  can  grow  down  several 
meters  in  deep,  coarse,  well-drained  sands. 
However,  in  these  cases,  overall  plant  growth 
is  slow,  and  trees  tend  to  be  replaced  by  shrubs 
on  topographies  and  soils  that  are  drained 
excessively. 

Adapting  to  their  situation,  pines  and  other 
trees  tend  to  develop  a two-layered  root  sys- 
tem in  the  deep  sands  of  the  Southeast  and 
other  similar  sandy  locations.  They  form  a 


surface  layer  of  roots  that  absorbs  water  and 
nutrients  made  available  by  the  intermittent 
summer  rams,  and  a deep,  second  layer  of 
roots  that  allows  survival  under  drought  con- 
ditions. 

Some  soils  of  the  western  United  States  are 
geologically  young  and  unstructured,  originat- 
ing primarily  from  the  downward  movement 
of  eroded  particles  of  rock.  Such  deposits  can 
form  a layer  10  meters  (33  ft)  or  more  deep  and 
are  extremely  dry,  especially  on  the  western 
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Figure  10.  Photograph  of  root  tips  growing  in  the  litter  of  a mixed  hardwood  forest.  The  mycorrhizae  extend 
out  from  the  root  tips  to  expand  greatly  the  functional  absorptive  surface  area  of  the  roots  they  are  attached 
to.  Root  diameters  about  0.5  mm.  Photo  by  Ted  Shear,  North  Carolina  State  University. 


slope  of  the  Sierras  where  summer  rains  are 
light  and  infrequent.  Most  water  in  the  soils 
of  this  region  originates  from  winter  rains  and 
snowmelt  that  travel  along  the  surface  of  the 
unbroken  bedrock  that  lies  below  the  soil 
layer.  Seedling  mortality  in  such  climates  is 
extremely  high,  and  years  with  sufficient 
moisture  to  permit  initial  survival  are  infre- 
quent. Growth  takes  place  predominantly  in 
the  early  spring,  and  those  trees  that  manage 
to  survive  and  grow  in  the  area  are  character- 
ized by  a taproot  system  that  plunges  down 
and  runs  along  the  soil-rock  interface.  Deep 
cuts  for  superhighways  sometimes  reveal 
these  roots  15  meters  (50  ft)  or  more  below  the 
surface. 

Some  trees,  like  longleaf  pine  ( Pinus  palus- 
tris),  have  made  special  adaptations  to  insure 


survival  and  growth  on  sands  and  other  deep 
soils.  During  the  initial  stage  of  establish- 
ment, the  tops  of  longleaf  pine  seedlings 
remain  sessile  and  grass-like  for  four  or  more 
years  while  the  root  system  expands  and  estab- 
lishes a reliable  supply  of  water.  Only  then 
does  the  tree  come  out  of  the  "grass  stage"  and 
initiate  height  growth. 

Spruces,  willows,  and  other  species  grow 
characteristically  on  wet  sites  where  oxygen 
supplies  are  very  limited.  Their  root  systems 
tend  to  be  shallow  and  multi-branched. 
Tupelo,  cypress,  and  other  species  of  the 
swamps  and  flood  plains  have  evolved  special- 
ized anatomies  that  permit  conduction  of  oxy- 
gen 30  centimeters  (12  in)  or  more  below  the 
surface  of  the  water  and  special  metabolisms 
that  eliminate  alcohols,  aldehydes,  and  other 
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toxic  substances  produced  when  fermentation 
replaces  normal  respiratory  metabolism. 
Many  such  flood-plain  species  can  survive  the 
conditions  of  low  soil  oxygen  that  result  from 
several  months  of  flooding  (Hook  et  al.,  1972). 

Other  species,  particularly  cherries  and 
other  members  of  the  rose  family,  are  espe- 
cially sensitive  to  conditions  where  oxygen 
supplies  limit  growth.  Cherry  roots  contain 
cyanophoric  glucosides,  which  are  hydrolized 
to  form  toxic  cyanide  gas  when  oxygen  sup- 
plies are  limited  (Rowe  and  Catlin,  1971). 
Flooding  that  lasted  less  than  24  hours  killed 
most  of  the  Japanese  cherry  trees  around 
Hains  Point  in  Washington,  D.C.,  following 
Hurricane  Agnes  in  1973.  Sediment  buildup, 
which  in  some  locations  exceeded  20  cen- 


timeters (8  in),  also  contributed  to  this  mor- 
tality. 

There  are  important  genetic  differences  in 
the  capacity  of  tree  species  and  varieties  to 
tolerate  variations  in  soil  chemistry,  soil  struc- 
ture, or  oxygen  supply  (Perry,  1978).  The  dis- 
tribution of  trees  in  the  landscape  is  not 
random.  There  is  no  such  thing  as  a "shallow- 
rooted"  or  a "deep-rooted"  species  of  tree.  On 
the  one  hand,  the  roots  of  flood-plain  species 
such  as  cypress,  tupelo,  maple,  and  willow, 
which  are  generally  thought  of  as  "shallow," 
will  grow  deep  into  the  soil  and  down  sewer 
lines  if  oxygen  and  water  supplies  are  ade- 
quate. On  the  other  hand,  the  roots  of  pines, 
hickories,  and  other  upland  species,  which  are 
generally  thought  of  as  "deep,"  will  stay  close 


Figure  11.  Roots  growing  in  the  crevices  between  bricks.  There  was  no  oxygen  below  the  bricks  that  overlaid 
a compacted  clay  soil  on  the  North  Carolina  State  University  campus.  Tree  roots  commonly  follow  cracks,  crevices, 
and  other  air  passages  underneath  pavement.  Photo  by  T.  O.  Perry. 
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to  the  surface  if  the  soil  is  too  compact,  or  if 
oxygen  supplies  below  the  surface  are  limited. 

Roots  grow  parallel  to  the  surface  of  the  soil 
so  that  trees  on  slopes  have  sloping  root  sys- 
tems that  actually  grow  uphill.  In  search  of 
nutrients,  roots  often  grow  along  cracks, 
crevices,  and  through  air  spaces  for  unbeliev- 
able distances  under  the  most  impermeable 
pavements  and  inpenetrable  soils  (Figure  11). 
Roots  commonly  grow  down  the  cracks 
between  fracture  columns  ("peds")  in  heavy 
clay  soils  they  could  not  otherwise  penetrate. 

Tfemperatures  and  Tree  Roots 

The  roots  of  trees  from  temperate  climates, 
unlike  their  shoots,  have  not  developed 
extreme  cold  tolerance.  Whereas  the  tops  of 
many  trees  can  survive  winter  temperatures 
as  low  as  -40  to  -50  degrees  C (-40  to  -60  F), 
their  roots  are  killed  by  temperatures  lower 
than  -4  to  -7  degrees  C (20  to  25  F]  (Beattie, 
1986).  In  areas  that  experience  severe  cold, 
such  as  northern  Europe  or  Minnesota,  a good 
snow  cover  or  a layer  of  mulch  can  often  pre- 
vent the  ground  from  freezing  completely  dur- 
ing the  winter  (Hart,  Leonard,  and  Pierce, 
1962).  By  repeatedly  digging  up,  measuring, 
and  then  reburying  them,  researchers  have 
observed  that  roots  can  grow  throughout  the 
winter — whenever  soil  temperatures  are  above 
5 degrees  C (40  F)  (Hammerle,  1901;  Crider, 
1928;  Ladefoged,  1939). 

One  of  the  subtle  impacts  of  raking  leaves 
in  the  fall  is  that  it  exposes  roots  to  destruc- 
tive winter  air  temperatures  that  they  would 
ordinarily  be  insulated  from  by  the  layer  of 
leaves.  Similarly,  the  potted  trees  so  common 
in  the  central  business  districts  of  northern 
cities  seldom  survive  more  than  a few  years 
because  their  roots  are  exposed  to  air  temper- 
atures that  are  substantially  lower  than  those 
of  the  soil.  Skilled  horticulturists  are  careful 
to  move  potted  perennials  to  sheltered  loca- 
tions where  they  will  be  insulated  from  the 
full  blast  of  winter. 

Contrariwise,  soil  surface  temperatures  in 
summer  are  often  hot  enough  to  "fry  an  egg," 
as  newspapers  boastingly  report.  Such  temper- 


atures, which  can  be  as  high  as  77  degrees  C 
(170  F),  also  fry  plant  roots.  Fortunately,  most 
soil  temperatures  decrease  rapidly  with  depth, 
and  roots  only  a few  millimeters  below  the 
surface  generally  survive,  particularly  if  an 
insulating  layer  of  mulch  is  present.  As  in  the 
case  of  freezing  temperatures,  plants  growing 
in  containers  are  more  susceptible  to  heat 
damage  because  of  the  lack  of  insulation. 
Roots,  like  shoots,  grow  most  rapidly  when 
temperatures  are  moderate — between  20  and 
30  degrees  C (68  and  85  F)  (Russell,  1977). 

Misconceptions  about  Ttee  Roots  and  the 
Practical  Consequences 

The  rope-like  roots  at  or  near  the  surface  of 
the  soil  have  been  obvious  to  diggers  of  holes 
for  fence  posts  and  ditches  for  thousands  of 
years,  as  obvious  as  Galileo's  "shadow  of  the 
earth  on  the  moon."  However,  trees  can 
become  huge — larger  than  the  largest 
whale — and  very  few  human  beings  have  had 
the  privilege  of  actually  seeing  even  a small 
fraction  of  the  root  system  of  an  entire  tree. 
Illustrations  in  textbooks,  in  natural  history 
books,  and  in  manuals  of  landscape  architec- 
ture or  of  tree  care  are  usually  the  creations 
of  artistic  imaginations  and  highly  inaccurate 
(Figure  12). 

An  insurance  company,  hearing  of  Walter 
Lyford's  work  on  tree  roots,  wanted  to  develop 
an  idealized  picture  of  tree  roots,  penetrating 
the  depths  of  the  soil  and  securely  anchoring 
the  tree  in  an  upright  position,  as  the  symbol 
of  the  security  its  customers  would  achieve 
by  purchasing  its  insurance.  The  company 
commissioned  an  artist  to  visit  Lyford  and 
examine  his  findings  in  order  to  prepare  a logo 
of  tree  roots  for  its  advertising  campaigns.  The 
projected  logo  and  advertising  scheme  were 
never  started  because  it  is  impossible  to  por- 
tray an  entire  tree  with  its  roots  accurately  on 
the  page  of  a typical  textbook. 

As  an  example,  take  a healthy,  open-grown 
oak  tree,  40  years  old,  with  a trunk  21  meters 
(70  ft)  tall  and  0.6  meters  (2  ft)  in  diameter. 
The  spread  of  the  branches  of  such  an  open- 
grown  tree  is  rarely  less  than  two-thirds  of  the 
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Figure  12.  Roots  do  not  grow  as  this  artist's  conception 
indicates.  Inaccurate  illustrations  like  this  one  have 
led  to  harmful  practices  in  the  management  of  trees 
in  both  forest  and  mban  situations.  Illustration  from 
a brochure  produced  by  the  Society  of  American 
Foresters. 


height  of  the  tree  and  is  often  equal  to  or 
greater  than  the  height.  The  root  system  of 
such  a tree  usually  extends  more  than  9 
meters  (30  ft)  beyond  the  tips  of  the  branches, 
generally  forming  a circle  with  a diameter  two 
or  more  times  the  height  of  the  tree.  The 
problems  of  scale  are  overwhelming  and  can 
be  appreciated  by  examining  Figures  13  and 
14. 

A significant  portion  of  the  root  system  of 
all  trees  in  all  soils  is  concentrated  in  the  top 
few  centimeters  of  soil.  Tree  roots  grow  right 
into  the  litter  layer  of  the  forest,  in  among  the 
grass  roots  of  suburban  lawns,  and  in  the 
crevices  of  the  bricks,  concrete,  and  asphalt 
of  the  urban  landscape  (Figures  11  and  15).  For 


this  reason,  fertilizer  broadcast  on  the  surface 
of  the  soil  is  immediately  available  to  tree 
roots.  It  does  not  have  to  move  "down"  into 
the  soil.  Even  the  reportedly  immobile  phos- 
phates are  readily  available  to  tree  roots.  Care- 
ful research  has  failed  to  show  any  differences 
in  the  response  of  trees  to  fertilizer  placed  in 
holes  versus  that  broadcast  on  the  soil  surface 
(FFimelick  et  al.,  1965;  van  de  Werken,  1981). 

Foresters  broadcast  fertilizers  on  millions  of 
acres  of  land  and  achieve  rapid  and  large 
returns  on  their  investments.  Except  for  where 
slow-release  fertilizers  are  used  for  special 
effects,  there  is  no  justification  for  “tree 
spikes”  or  other  formulations  of  fertilizer  in 
holes  bored  in  the  ground  or  for  fertilizer 
injected  into  the  soil.  The  root  systems  of  one- 
year-old  seedlings  can  take  up  nutrients  ten 
or  more  feet  from  their  trunks.  The  absorb- 
ing roots  of  larger  trees  commonly  extend 
from  their  trunks  to  twenty  feet  beyond  their 
branch  tips.  The  tree  will  benefit  from  hav- 
ing fertilizer  broadcast  over  this  entire  area. 

FFerbicides  and  other  chemicals  should  be 
used  only  with  extreme  care  near  trees  and 
shrubs  since  their  roots  extend  far  beyond  the 
tips  of  the  tree's  branches.  When  they  grow  in 
a lawn,  trees  can  be  thought  of  as  "broad- 
leaved weeds"  and  application  of  the  common 
lawn  herbicide  dicamba  (also  called  "Banvel®") 
by  itself,  in  combination  with  other  herbi- 
cides, or  in  combination  with  fertilizers  can 
injure  trees.  This  chemical  or  its  formula- 
tions, when  improperly  applied,  can  distort 
and  discolor  leaves  and  even  defoliate  and  kill 
trees.  Several  tree  and  lawn-care  companies 
are  selling  these  chemicals  mixed  with  fer- 
tilizer at  home  garden  centers  or  are  applying 
the  chemical  on  a contract  basis.  Improper  use 
of  dicamba  will  distort  the  leaves  of  oaks  and 
sycamores  and  defoliate  and  kill  more  sensi- 
tive trees  like  yellow  poplar. 

"Roundup®"  (glyphosate)  herbicide  and  its 
formulations  are  supposedly  inactivated  when 
they  hit  the  soil  or  dirty  water,  but  they  do 
not  have  to  actually  penetrate  the  soil  to  inter- 
act with  tree  roots  growing  in  a litter  layer, 
lawn,  or  mulch.  Dogwoods  and  other  trees  can 
show  extreme  leaf  distortion  and  crown  die- 
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back  even  when  herbicides  do  not  strike  the 
green  portions  of  their  trunks  or  their  foliage. 
Since  tree  roots  often  grow  in  cracks  and 
crevices  of  pavement,  applications  of 
sterilants  and  herbicides  to  kill  weeds  in  these 
situations  can  inadvertently  kill  trees  20 
meters  (60  ft)  or  more  away  from  where  they 
are  applied  (Figure  15). 

Remember,  natural  root  grafts  are  common 
among  trees  of  the  same  species,  meaning 
that  herbicides  applied  to  kill  one  tree  can 


flash  back  along  root  grafts  to  kill  trees  that 
were  not  treated.  In  addition,  many  trees,  such 
as  poplars,  sweet  gum,  and  American  beech, 
send  up  sprouts  from  their  roots  that  can  be 
damaged  when  an  herbicide  is  translocated 
from  a treated  stem  through  the  root  system 
to  an  untreated  stem. 

In  larger  residential  lots,  say  roughly  32 
meters  wide  by  45  meters  deep  (105  ft  by  150 
ft),  the  roots  of  a large  tree  will  commonly 
occupy  the  entire  front  or  back  yard  and 


24cm  9.45  i n^-212  ft. 


Figure  13.  Scale  drawing  of  Memorial  Oak  Tree  ("Quercias  albaj,  Schenck  Forest,  North  Carolina  State  University. 
The  original  drawing  was  made  by  tracing  the  projected  image  of  the  tree  (Figure  14)  onto  a piece  of  paper  with 
a pen  that  produced  a line  0.2  millimeters  thick,  the  thinnest  line  that  can  be  reproduced  in  most  publications. 
The  original  drawing  was  24  centimeters  wide  (9.5  in)  and  represents  a typical  root  spread  of  65  meters  (212 
ft).  The  Schenck  Oak  is  about  33  meters  tall  (106  ft)  and  is  represented  on  the  vertical  axis  as  12  centimeters 
(4.7  in).  The  original  drawing  represented  a 274-fold  reduction  in  the  actual  height  of  the  tree.  Most  branches 
and  90  percent  of  the  tree  roots  would  not  be  visible  if  drawn  to  this  scale.  Indeed  the  width  of  a typical  white 
oak  leaf  would  be  about  the  thickness  of  the  lines  in  the  drawing,  and  most  of  the  roots  would  be  located  in 
the  soil  layer  represented  by  the  thickness  of  the  line  representing  the  soil  surface.  The  dash-dot  line  is  located 
1.5  meters  (5  ft)  below  the  surface  and  very  few  if  any  roots  would  penetrate  beyond  this  depth  in  a representative 
soil. 
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Figure  14.  This  photograph  of  the  Schenck  Memorial 
Oak  (Quercus  alba,)  was  projected  and  traced  to 
produce  Figure  13.  The  Schenck  Memorial  Oak  is  32.3 
meters  tall  (106  ft)  and  has  a crown  spread  of  29 
meters  (94  ft)  and  a diameter  at  breast  height  of  1.07 
meters  (42  in). 

trespass  into  the  neighboring  property.  No 
part  of  an  urban  yard  can  be  treated  carelessly 
with  herbicides.  Care  must  also  be  taken  in 
disposing  of  toxic  chemicals,  deicing  salts,  old 
crankcase  oil,  and  high-strength  detergents. 
Careless  disposal  of  chemicals  and  improper 
use  of  herbicides  are  among  the  most  com- 
mon causes  of  tree  death  in  urban  areas. 

Soil  Compaction 

The  largest  single  killer  of  trees  is  soil 
compaction — compaction  from  excessive  use 
of  city  parks  by  people,  from  excessive  graz- 
ing by  livestock  (including  zoo  animals) — and 
even  from  the  feeding  activities  of  pigeons, 
whose  small  feet  exert  more  pressure  per 
square  centimeter  than  heavy  machines.  Trees 


are  also  killed  by  compaction  from  construc- 
tion equipment  and  by  compaction  from  cars 
in  unpaved  parking  areas.  Compaction  closes 
the  pore  spaces  that  are  essential  to  the 
absorption  of  water  and  oxygen  and  hardens 
all  but  the  sandiest  of  soils  so  that  roots  can- 
not penetrate  them,  even  when  oxygen  sup- 
plies are  adequate  (Patterson,  1965). 

Excessive  use  of  mulch  can  induce  fermen- 
tation, immobilize  nutrients,  and  cut  off  the 
oxygen  supply,  thereby  killing  trees.  Use  of 
broad  expanses  of  plastic,  either  as  a surface 
covering  or  under  a layer  of  organic  mulch  or 
stone,  is  a sure  way  to  cut  off  oxygen  and  kill 
trees.  As  an  alternative,  porous  landscape 
fabrics,  which  permit  water  and  air  to  pene- 
trate the  soil,  are  a vast  improvement  over 
plastic. 

The  maximum  leaf  area  index  that  a nor- 
mal ecosystem  can  support  is  about  12,  when 
both  surfaces  of  the  leaf  are  counted.  The  cor- 
responding maximum  root  area  index  is 
between  15  and  30.  A large  planting  of  lawn, 
annuals,  or  shrubs  underneath  existing  trees 
often  results  in  a reduction  in  the  root  and  leaf 
area  indexes  of  the  trees.  Gardening  under 
trees — planting  lawns,  daffodils,  liriope,  or 
azaleas  and  rhododendrons — tears  up  tree 
roots  and  will  produce  a corresponding  death 
of  twigs  and  branches  in  the  crown  of  the  tree. 
Surprisingly,  turning  over  the  soil  when 
gardening  is  another  common  cause  of  tree 
death  in  urban  situations.  Gardeners  should 
be  aware  of  the  biological  compromises  that 
need  to  be  made  in  order  to  achieve  the  proper 
balance  between  trees  and  garden  plants. 

It  should  be  obvious  by  now  that  any  earth 
moving  or  regrading  that  cuts  or  buries  tree 
roots  will  result  in  the  death  of  a correspond- 
ing portion  of  the  branches  in  the  tree.  Unfor- 
tunately, this  simple  fact  is  often  ignored 
when  utility  lines,  parking  lots,  or  even  irri- 
gation lines  are  being  installed.  Smearing  six 
inches  of  clay  from  the  mineral  soil  layer  over 
the  root  system  of  an  established  tree  or  cover- 
ing its  roots  with  pavement  can  be  as  lethal 
as  cutting  it  down  with  a chain  saw. 

When  a new  house  is  constructed,  the  yard 
may  have  six  different  trench  lines  cut  from 
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Figure  15.  Many  roots  of  trees  grow  closely  intermingled  with  grass  roots  in  the  few  top  centimeters  of  a lawn. 
Therefore  fertilizers  and  herbicides  do  not  have  to  move  down  into  the  soil  in  order  to  affect  trees. 


the  street  to  the  house — for  water,  sewer,  elec- 
tricity, telephone,  gas,  and  cable  television. 
Over  90  percent  of  the  pre-existing  tree  roots 
in  the  front  yard  are  destroyed  during  con- 
struction and  utility-line  installation.  In  addi- 
tion, the  soil  structure  of  the  entire  lot  is 
usually  completely  destroyed  by  heavy  equip- 
ment and  the  spreading  of  excavated  heavy 
soil  on  top  of  undisturbed  soil.  The  proud  new 
homeowners  are  left  to  figure  out  for  them- 
selves why  all  their  trees  have  severe  crown 
dieback  and  continue  to  decline  (or  die)  for  a 
decade  or  more  after  they  have  moved  in. 

Saving  Trees 

People  often  try  to  save  trees  under  impossi- 
ble circumstances.  The  root  systems  of  a large 
tree  often  occupy  the  entire  building  site,  and 
it  is  impossible  to  complete  construction 
without  damaging  some  or  all  of  its  roots.  By 


tunneling  or  concentrating  utility-line  instal- 
lations in  a single  trench,  this  damage  can  be 
minimized.  Careful  watering  and  thinning  of 
the  tree  crowns  to  compensate  for  root  losses 
can  buy  time  until  new  roots  can  be  produced. 

It  is  often  wiser  and  cheaper  to  accept  a bad 
situation  and  cut  down  a tree  before  construc- 
tion begins  rather  than  to  try  to  preserve  a 
large  specimen  in  the  middle  of  a construc- 
tion site.  Performing  tree  surgery  after  con- 
struction is  complete — and  crown  dieback  is 
obvious — will  be  more  expensive  and  may  be 
too  late  to  save  the  tree.  Planting  a young, 
vigorous  sapling  after  construction  is  com- 
pleted not  only  may  be  more  cost  effective  but 
also  may  provide  greater  long-term  satis- 
faction. 

In  urban  situations,  soil  compaction  and 
limited  oxygen  supplies  are  the  major  res- 
traints to  growing  trees  in  city  parks  and  in 
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highly  paved  areas.  Inadequate  supplies  of 
water  are  usually  secondary  to  these  two  fun- 
damental problems.  In  terms  of  surviving 
these  conditions,  trees  adapted  to  swamps  and 
flood-prone  areas,  where  soil  oxygen  tensions 
are  normally  low,  often  perform  the  best. 
Indeed,  most  of  our  common  street  trees, 
including  pin  oak,  willow  oak,  sycamore,  sil- 
ver maple,  and  honey  locust  are  flood-plain 
species  that  can  thrive  in  compacted,  urban 
soils.  Different  trees  grow  on  different  sites  in 
nature,  and  it  is  unreasonable  to  expect  spe- 
cies adapted  to  well-drained  upland  or  sloping 
topography  to  possess  roots  that  would  grow 
well  in  the  compacted  soils  of  a heavily  used 
recreation  area  or  in  areas  with  extensive 
pavement. 

There  are  hundreds  of  ways  to  kill  or  injure 
trees.  They  range  from  zapping  them  with 
laser  beams  (as  in  the  Omni  shopping  mall  of 
Atlanta)  to  girdling  them  with  the  grinding 
tugs  of  dogs  chained  outside  of  college  class- 
rooms. Many  tree  deaths  are  accidental  and 
involve  misconceptions  about  the  structure 
and  function  of  tree  roots.  Why  else  would  the 
City  of  New  Orleans  keep  a rhinoceros  caged 
on  the  root  system  of  its  symbolic  Centennial 
Oak?  Why  else  would  the  State  of  North  Caro- 
lina use  a ditch-witch  in  late  fune  to  install 
an  irrigation  system  among  the  stately  trees 
of  the  old  Capitol  building?  Why  else  would 
the  National  Capital  Parks  in  Washington, 
D.C.,  allow  rows  of  newly  planted,  eight-inch- 
caliper  trees  in  front  of  the  new  Aerospace 
Center  to  remain  unwatered  while  the  need 
for  irrigation  was  recognized  and  supplied  to 
trees  on  the  mall  across  the  street? 

People  must  know  where  tree  roots  are 
located  and  what  they  require  if  healthy  trees 
are  to  become  a gratifying  part  of  the  urban 
environment. 
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"Oak  Roots."  Photograph  by  Gertrude  Jekyll,  late  1890s.  Photo  album  no.  4, 
photo  no.  1279,  negative  no.  739,  from  the  archives  of  the  College  of 
Environmental  Design,  Department  of  Architecture,  University  of 
California,  Berkeley. 


Ttee  Roots: 

A Photo  Essay 


A novel  way  of  coping  with  the  shallow  roots  of  Ulmus  americana,  the  American  elm,  on 
the  Harvard  University  campus  in  Cambridge,  Massachusetts.  Photograph  by  Peter  Del 
Tredici. 
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An  unusual  specimen  of  Fagus  grandifolia,  the  American  beech,  in  Watertown, 
Massachusetts.  The  tree  blew  down  during  a storm  but  continued  to  grow 
despite  being  upended.  Photograph  by  Peter  Del  Tredici. 
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From  The- Arnold  Arboretum 


PLANTS  SALE 
SUCCESS:  $49,296 
BROUGHT  IN! 

The  Arnold  Arboretum 
Plant  Sale  is  the  "Rite 
of  Fall." 

On  Sunday,  September 
17,  more  than  2,000  people 
came  to  the  Case  Estates  to 
take  home  some  of  the  thous- 
ands of  unusual  plants  sold  to 
benefit  the  Arnold  Arbore- 
tum. By  8 a.m.  a line  wound 
round  the  Bam.  Inside  the 
Barn,  sponsors  were  thanked 
for  their  generosity  with  a 
continental  breakfast  and 
Preview  Purchase  Privilege 
prior  to  the  opening  of  the 
main  doors.  During  the 
course  of  the  day,  hundreds 
of  plants  were  "checked"  by 
350  shoppers  in  the  "Plant  Sit- 
ting" service,  900  riders  rode 
the  shuttle  bus  from  the 
parking  areas  to  the  sale,  and 
a record  74  new  members 
joined  the  Friends  of  the 
Arnold  Arboretum. 

The  Silent  Auction  and 
Straight  Sales  areas,  organ- 
ized by  the  25  Arnold  Arbore- 
tum Associates,  contained 
donations  from  100  nurseries 
and  30  individuals,  including 
plants  from  China  and 
California  as  well  as  New 
England.  The  nearly  1,700 
plants  assembled  by  Auction 
hunter  Ellen  McFarland  and 
her  team  produced  a premier 
selection  of  43  candidates  for 
the  Rare  and  Unusual  Auc- 
tion, the  climax  of  the  day. 


Staff  auctioneers  Jim  Allen, 
Gary  Roller,  and  Dave 
Michener  maintained  a brisk 
pace  to  help  the  "Rare"  raise  a 
record  high  of  $9,218.  Allen 
Haskell  of  New  Bedford, 
Massachusetts  was  the  day's 
top  bidder,  donating  $1,000 
for  a double-flowered  Hosta. 
An  Acer  triflorum  at  $525 
brought  the  next  highest 
figure. 

Proceeds  from  Straight 
Sales  and  the  Silent  and  Rare 
Auctions  help  support  special 
staff  projects  through  com- 
petitive proposals  to  the 
Arnold  Arboretum  Associ- 
ates. 

As  1989's  Plant  Sale 
ended,  plans  and  plants  were 


readied  for  1990.  Next  year 
look  for  greatly  increased 
space  and  improved  lighting 
and  signage  in  the  general 
plant  sales  area,  more  special 
parking  areas,  and  additional 
use  of  paved  parking  lots. 

And  of  course  More  Plants. 

To  whet  appetites  in  ad- 
vance, the  staff  and  volun- 
teers at  the  Case  Estates  will 
sponsor  a Seasonal  Plant 
Table  each  Monday  morning 
during  the  growing  season 
(call  894-0208  for  details)  from 
9 a.m.  to  noon  and  on  a "self- 
service"  basis  throughout  the 
week.  It's  all  aimed  at 
encouraging  more  people  to 
join  our  "growing  obsession" 
with  plants. 


Arnold  Arboretum  Symposium 


WINTER  LANDSCAPES: 

THE  UNEXPLORED  SEASON 


ture  with  his  en- 
thusiasm as  a 
home  gardener 
in  his  work  as 
Horticultural 
Director  of 
Wayside  Gar- 
dens. Formerly 
Curator  of 
Hardy  Plants  at 
the  Missouri 
Botanical 
Garden,  he  will 
survey  "Trees 
and  Shrubs  for 
the  Multi- 
Season  Garden." 


The  fourth  season  of 
the  year  is  the  ultimate 
test  of  the  success  of  a 
garden.  Encouraging 
tne  experienced  gar- 
dener to  greater  achieve- 
ments, the  Arnold  Arbo- 
retum has  organized  a 
special  symposium  for 
landscape  architects, 
designers,  and  gardeners 
who  want  to  increase  the 
delights  of  the  garden  in 
winter.  Participating  in 
the  symposium: 

Patrick  Chasse  teaches  design 
at  the  Radcliffe  Seminars,  the 
Harvard  Graduate  School  of 
Design,  and  the  Arnold 
Arboretum.  He  also  main- 
tains an  active  landscape 
architecture  practice  in 
Northeast  Harbor,  Maine.  He 
is  director  of  the  Maine 
Citizens  for  Historic  Preserva- 
tion and  an  advisor  to  The 
Garden  Conservancy.  Recog- 
nizing the  importance  of 
detail  in  the  winter  landscape, 
he  will  speak  on  courtyard 


and  entrance  gardens  in  "A 
Space  for  All  Seasons." 

Peter  Del  Tredici,  Editor  of 
Amoldia  and  a self-confessed 
conifer  addict,  will  discuss 
the  ecology,  physiological 
adaptation  to  cold,  and 
cultural  requirements  of  both 
broadleaved  and  needled 
evergreens  in  "Evergreens: 
Winter's  Star  Performers." 

Susan  Dumaine  is  a gar- 
dener-designer who  plans  for 
four-season  pleasure  in  her 
own  sizeable  garden  in 
suburban  Boston.  Long 
known  for  her  broad  under- 
standing of  woodland  gar- 
dening, as  well  as  her  work 
with  the  New  England  Wild 
Flower  Garden,  the  Massa- 
chusetts Horticultural  Society, 
and  the  Arnold  Arboretum, 
she  is  well  fitted  to  explore 
the  topic  of  "Hardy  Flowers 
in  Late  Winter  and  Beyond." 

John  Elsley  combines  his 
study  of  botany  and  horticul- 


Michael Van  Valkenberg, 
known  for  his  innovative  and 
award-winning  designs,  is 
also  a professor  at  Harvard's 
Graduate  School  of  Design 
and  co-author  of  Gertrude 
Jekyll:  A Vision  of  Garden  and 
Wood.  He  emphasizes  the 
sculptural  qualities  of  winter 
in  "The  Transparent  Land- 
scape." 

The  symposium  will  be  held 
at  the  New  York  Botanical 
Garden  on  Thursday,  March 
1;  in  Jamaica  Plain  for  the 
Arnold  Arboretum  at  the 
Alfred  L.  Frechette 
Conference  Center  of  the 
State  Laboratory  of 
Massachusetts  on  Friday, 
March  2;  and  at  the  Chicago 
Botanic  Garden  in  Glencoe, 
Illinois,  on  Saturday,  March  3. 
Special  winter  garden 
workshops  are  also  scheduled 
for  the  three  locations. 

For  further  information  or  to 
request  a brochure  call 
(617)  524-1718.  * 


NEW  DIRECTIONS  FOR  THE  HARVARD  FOREST 


The  Harvard  Forest  of 
Harvard  University,  located 
in  Petersham,  Massachusetts, 
has  recently  been  designated 
a Long-Term  Ecological 
Research  (LTER)  site  by  the 
National  Science  Foundation. 
Harvard  University  has  been 
awarded  a grant  of  $2.4 
million  for  six  years  in 
support  of  the  operation  and 
development  of  the  site  in 
Petersham.  Harvard  Forest 
joins  an  existing  network  of 
17  LTER  sites  around  the 
United  States  for  the  study  of 
large-scale,  long-term  changes 
in  ecosystems. 

The  LTER-funded 
research  at  the  Harvard 
Forest  will  focus  on  major 
problems  confronting  land 
utilization  caused  by  natural 
catastrophies  as  well  as  man- 
made environmental  prob- 
lems. Initial  phases  of  the 
study  involve  the  installation 
of  new  computer  facilities  at 
the  Harvard  Forest,  over- 
flights of  the  Petersham  area 
by  NASA  aircraft,  and  con- 
struction of  a new  Environ- 


mental Monitoring 
Station  in  a remote 
part  of  the  Harvard 
Forest. 

The  project  will 
involve  faculty  of 
several  departments 
of  Harvard  Univer- 
sity including  the 
Departments  of 
Organismic  and 
Evolutionary 
Biology,  the  Depart- 
ment of  Earth  and 
Planetary  Sciences 
and  the  Department 
of  Landscape 

Architecture  of  the  Graduate 
School  of  Design.  The  re- 
search effort  will  be  coordi- 
nated by  Professors  J.  G. 
Torrey  and  D.  R.  Foster. 

Close  cooperation  through 
the  Program  in  Forest  Micro- 
biology will  continue  with  the 
Yale  School  of  Forestry  and 
Environmental  Studies  of 
Yale  University,  with  support 
of  the  A.  W.  Mellon  Founda- 
tion of  New  York. 

to  to  to 

On  September  14, 1989, 
ownership  of  the  Harvard 
Black  Rock  Forest  was 


officially  transferred  from  the 
Harvard  Forest  to  the  Golden 
Family  Foundation  of  New 
York  City.  The  sale  culmi- 
nates years  of  uncertainty  and 
controversy  about  the  future 
of  the  woodland.  According 
to  the  settlement  that  was 
reached,  the  Golden  Family 
Foundation  purchased  the 
land  for  $400,000,  which 
Harvard  agreed  to  turn  over 
to  an  endowment  that  will  be 
used  to  defray  forest  mainte- 
nance expenses.  The  original 
Black  Rock  Forest  endow- 
ment will  be  transferred  to 
the  Harvard  Forest  in  Peter- 
sham. 

In  November  of  this  year, 
the  Golden  Family  Founda- 
tion officially  transferred 
ownership  of  the  woodlands 
to  the  Black  Rock  Forest 
Preserve,  a non-profit  group 
that  will  manage  the  woods. 
"The  land  is  going  to  be  abso- 
lutely restricted  from  any 
possible  commercial  use  and 
will  be  used  only  for  educa- 
tional and  scientific  pur- 
poses," said  William  Golden, 
who  heads  the  Foundation. 


Arnoldia  Search 

The  North  Carolina  Arboretum  is  seeking  the  follow- 
ing issues  of  Arnoldia.  Please  contact  Clara  Curtis,  The 
North  Carolina  Arboretum,  Route  3,  Box  1249-B, 
Asheville,  NC  28806,  (704)  665-2492  if  you  have  available 
copies. 

1930,  all  (Bulletin  of  Popular  Information) 

1936,  no.  1 and  no.  2 (Bulletin  of  Popular  Information) 

1984,  fall  (vol.  44,  no.  4) 
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NEW  FACES  AT  THE 
ARBORETUM 

During  the  long  life  of  the 
Arnold  Arboretum,  the  living 
collections  have  grown  to 
include  a wide  variety  of 
plant  material,  both  native 
and  exotic.  In  the  same  way, 
the  staff  have  come  together 
from  many  different  back- 
grounds. One  recent  addition 
is  Richard  Schulhof,  who  has 
a Putnam  Fellowship  for  a 
year's  work  related  to  the 
Living  Collections.  Two 
others  are  Kendra  Sikes  and 
Kevin  Burgess,  who  stayed  on 
after  their  summer  intern- 
ships in  the  Horticultural 
Training  Program  were 
completed. 

Richard  is  working  at 
two  separate  but  closely 
related  tasks.  Half  his  time  is 
spent  entering  plants  on  the 
computerized  mapping 
system  in  the  Plant  Records 
office,  and  the  other  half  on 
working  out  a master  plan  for 
the  Living  Collections.  A 
California  native  and  Univer- 
sity of  California  graduate, 
he  attended  the  Longwood 
Graduate  Program  in  Public 
Garden  Administration 
before  coming  to  the  Arnold 
Arboretum. 

Kendra  Sikes,  also  a Cali- 
fornia native,  received  her  B. 
A.  in  Biology  from  Brown 
University  in  Providence,  R.I., 
where  she  learned  of  the 
internship  opportunity  at  the 
Arnold  Arboretum.  She 
began  an  internship  in 
grounds  maintenance  in 
April,  1989.  In  September, 
she  began  to  work  in  the 
Greenhouse. 

Kevin  Burgess  came  to 
the  Arnold  Arboretum  from 
Nova  Scotia,  Canada,  in 
April,  1989.  In  Canada  he 
worked  for  several  years  in 
the  nursery  business  under 


the  guidance  of  a well  known 
plantsman,  Capt.  R.  M.  Steele. 
He  studied  at  the  University 
of  Guelph,  Ontario,  and  at  the 
Nova  Scotia  Agricultural  Col- 
lege, where  he  earned  a 
diploma  in  Plant  Science. 

He  is  interested  in 
mapping  and  labelling,  so  he 
began  his  internship  in  that 
area.  Since  a position  became 
available  in  the  Plant  Records 
office  in  September,  when 
Ethan  Johnson,  Curatorial 
Assistant,  moved  to  the 


Holden  Arboretum  in  Men- 
tor, Ohio,  he  has  continued 
his  work,  using  the 
Arboretum's  new  state-of-the- 
art  computerized  plant 
records  system.  He  says, 
"Even  in  this  short  time  I feel 
that  the  spirit  of  the  Arbore- 
tum has  entered  me,  and  that 
I will  leave  the  Arboretum 
enriched,  having  been,  like  its 
trees,  collected  from  afar  and 
brought  to  the  Arnold  Arbo- 
retum to  grow." 


SEEING  THE  WOODS  AND  THE  TREES 
IN  FOUR  SEASONS:  Our  new  postcard  series 


The  Bookstore  has  introduced  a new  line  of  25  postcard 
images  of  the  Living  Collections  from  the  people  who 
know  it  best,  the  Arboretum’s  own  volunteers  and  staff,  to 
provide  a colorful  sampling  of  the  grounds  at  all  seasons 
of  the  year.  Individual  cards  are  50c  with  a special  pur- 
chase available  of  the  full  set  of  25  by  sending  a check  for 
$10  to:  Arboretum  Bookstore,  Postcards, 125  Arbor- 
way, Jamaica  Plain,  MA  02130 
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The  buttressed  roots  of  Ulmus  americana,  the  American  elm,  growing  in  Cambridge, 
Massachusetts.  This  is  one  of  the  few  species  of  temperate  trees  that  spontaneously  forms 
such  buttresses.  Photograph  by  Peter  Del  Tredici. 
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A stand  of  root  sprouts  from  a single  forty-year-old  sweetgum  tree, 
Liquidambar  styraciflua.  The  sprouts  range  in  age  from  one  to  fifteen  years, 
and  some  are  over  five  inches  in  diameter  at  breast  height.  The  grids  are 
one  meter  on  each  side.  Photograph  by  P.  P.  Kormanik,  U.S.  Forest  Service, 
Athens,  Georgia. 
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Unusual  roots  of  Betula  allegheniensis,  the  yellow  birch,  growing  on  Mt.  Greylock  in 
western  Massachusetts.  This  tree  probably  started  life  by  germinating  on  the  stump  of  a 
fallen  tree,  which  subsequently  eroded  away.  Photograph  by  Racz  and  Debreczy. 
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The  beeches  at  Moens  Klint,  Denmark.  This  location  is  literally  "land's 
end,"  where  Europe's  most  famous  beech  forest  meets  the  Baltic  Sea.  Like 
legions  going  into  battle,  the  trees  march  right  up  to  the  edge  of  the 
precipice  while  their  adversaries,  the  waves,  endlessly  pound  and  attack 
from  below.  From  time  to  time,  sections  of  the  cliff  cave  in,  hurtling  the 
trees  into  the  sea.  Opposite  is  a picture  of  one  of  the  exposed  root  systems 
of  just  such  a tree,  washed  clean  by  the  action  of  the  waves.  Reprinted  with 
permission  from  Trees  by  Andreas  Feininger  (Viking  Press,  New  York,  1968). 
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The  Fate  of  a Ficus 


Peter  Del  Tredici 


A series  of  coincidences  brings  life  and  art  together. 


The  little  details  that  make  up  one's  daily  life 
fit  together  like  the  links  of  a chain — a chain 
that  grows  longer  with  the  passage  of  time.  On 
rare  occasions,  the  past  and  present  ends  of 
this  chain  intersect,  and,  at  this  point,  one 
always  finds  a tiny  detail  linking  them 
together.  Recently,  I was  lucky  enough  to 
stumble  across  a curious  detail  that  united  the 
past  and  the  present  in  just  this  way. 

The  story  starts  with  some  drawings  made 
by  John  Singer  Sargent  towards  the  end  of  his 
life.  Sargent  was,  of  course,  one  of  America's 
greatest  portrait  painters  and  a cousin  of 
Professor  Charles  Sprague  Sargent,  the  first 
director  of  the  Arnold  Arboretum.  The  artist 
died  in  1925,  and  in  1931  his  two  sisters,  Miss 
Emily  Sargent  and  Mrs.  Francis  Ormond, 
donated  six  of  his  botanical  sketches  to  the 
Arboretum.  Oakes  Ames  was  the  director  at 
that  time,  and  in  the  June  24,  1931,  issue  of 
the  Bulletin  of  Popular  Information,  he 
reproduced  one  of  the  drawings,  and  described 
it: 

This  subject,  which  is  the  most  interesting  of  the 
Sargent  drawings  in  the  Arboretum  collection,  is  a 
carefully  worked  up  study  of  the  roots  of  Ficus  auiea, 
a strangling  fig,  that  had  become  entangled  with  a 
discarded  wagon  wheel.  The  extraordinary  associa- 
tion of  fig  roots  and  wheel  must  have  made  a strong 
appeal  to  Sargent,  because  the  sketch  was  executed 
with  meticulous  fidelity  to  the  original  and  consti- 
tutes a record  that  would  not  be  out  of  place  in  a 
textbook  of  botany.  The  subject  is  botanically 
unusual  and  hardly  one  that  we  should  expect  to  find 
attracting  the  attention  of  a great  portrait  painter. 


In  the  same  Bulletin,  Professor  Ames  went 
on  to  describe  a remarkable  coincidence  con- 
cerning Sargent's  drawing: 

During  the  preparation  of  the  fourth  number  of  the 
Bulletin,  a search  was  being  made  in  the  Library  of 
the  Arboretum  for  colored  plates  of  the  Yoshino 
cherry  of  Japan.  The  search  led  to  the  National  Geo- 
graphic Magazine  where  on  page  191  of  the  forty- 
second  volume,  attention  was  drawn  to  the  reproduc- 
tion of  a photograph  showing  the  roots  of  a stran- 
gling fig  holding  an  old  wagon  wheel.  It  was  not  only 
a photograph  of  the  same  wheel  which  had  engaged 
Sargent's  attention,  but  a view  of  it  taken  from 
almost  the  same  location  from  which  Sargent  had 
made  his  drawing.  Through  the  kindness  of  the 
National  Geographic  Magazine,  the  Bulletin  is  per- 
mitted to  reproduce  the  photograph  and  thus  make 
possible  a comparison  between  it  and  our  reproduc- 
tion of  Sargent's  drawing.  Fortunately  the  photograph 
which  was  made  at  Cutler,  Florida,  localizes  Sar- 
gent's work  and  indicates  those  details  which  the 
artist  suppressed  in  his  interpretation  of  the  scene. 

Indeed,  the  most  striking  difference 
between  the  two  is  the  presence  of  two  metal 
"springs"  in  the  lower  left-hand  side  of  the 
drawing,  which  are  hidden  by  the  tree  trunk 
in  the  photograph.  When  making  his  picture, 
Sargent  was  obviously  standing  a little  to  the 
right  of  the  spot  where  John  Gifford  set  up  his 
camera. 

Sargent  probably  produced  the  Ficus  draw- 
ing during  his  only  trip  to  Florida,  a three- 
month  stay  from  February  through  April, 
1917.  He  went  to  Florida  to  paint  a portrait 
of  the  seventy-eight-year-old  John  D.  Rock- 
efeller, who  was  then  living  at  his  estate  at 
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Ficus  aurea.  This  photograph  by  John  C.  Gifford  originally  appeared  in  1922  in  National  Geo- 
graphic Magazine,  vol.  42,  p.  191. 


Ficus-Florida.  Reproduced  from  an  original  drawing  by  John  Singer  Sargent  (original  drawing 
9-5/8  by  7 inches).  Donated  to  the  Arnold  Arboretum  by  Miss  Emily  Sargent  and  Mrs.  Francis 
Ormond. 
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Ormond  Beach,  near  Daytona.  It  took  Sargent 
about  three  weeks  to  complete  the  commis- 
sion, after  which  he  traveled  south  to  Miami 
to  visit  his  long-time  friends  Mr.  and  Mrs. 
Charles  Deering.  While  in  the  Miami  area,  he 
produced  a number  of  watercolors  and  draw- 
ings, including  Ficus  Florida,  reproduced  here. 

Ames'  1931  article  on  the  Sargent  drawing 
was  the  last  word  on  the  subject  until  1982, 
when,  in  the  course  of  my  own  work  on  an 
Asian  strangling  fig,  Ficus  benjamina,  I 
noticed  for  the  first  time  that  one  of  the  draw- 
ings hanging  on  a wall  in  the  Hunnewell 
Building  was  of  a Ficus.  I was  amazed  to  learn, 
upon  closer  examination,  that  it  was  a John 
Singer  Sargent  original.  I had  walked  by  the 


drawing  countless  times,  but,  like  the  prover- 
bial swine  before  whom  pearls  are  tossed,  I 
took  no  notice. 

Excited  as  I was  by  the  "discovery"  of  the 
Sargent  drawing,  it  was  nothing  compared  to 
my  reaction  while  reading  an  article  titled 
"Florida's  Ficus"  in  the  January -February  1981 
issue  of  Garden  magazine.  The  author,  Yvette 
Cardoza,  described  a scene  that  bowled  me 
over: 

The  strangler,  Ficus  auiea,  is  perhaps  the  most 
aggressive  of  the  Florida  ficus:  the  drooping  aerial 
roots  can  and  will  engulf  just  about  anything  that 
is  stationary.  Landscaper  Bert  Newcomb  remembers 
slashing  one  trunk  and  finding  the  remains  of  a tum- 
of-the-century  wagon  wheel. 


Ficus  aurea  in  Key  West,  Florida,  photographed  in  1886  by  fames  M.  Codman,  from  the  Archives  of  the  Arnold 
Arboretum. 
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Could  it  possibly  have  been  the  same  wagon 
wheel  that  Sargent  drew?  A phone  call  to  Mr. 
Newcomb  revealed  a soft-spoken  gentleman 
who,  unfortunately,  could  not  remember 
where  the  tree  was  located  or  when  he  had  cut 
it  down.  The  image  of  the  wheel  inside  the 
fig  tree  was  all  he  could  recall,  the  same  image 
that  Sargent  had  captured  with  his  pencil.  To 
my  mind,  the  tree  had  to  have  been  the  same 
one  that  Sargent  captured  in  his  drawing — 
how  many  such  figs  can  there  be  in  southern 
Florida?  And  besides,  the  chain  of  coinci- 
dences that  surrounds  this  plant  dictates  just 
such  a dramatic  finish. 

Afterword 

In  his  article  Professor  Ames  gives  an  excel- 
lent account  of  the  life  of  a strangler  fig.  I 
quote  it  here  because  it  helps  one  appreciate 
Sargent's  drawing  more  fully. 

Ficus  auiea  usually  begins  life  as  an  epiphyte,  that 
is,  it  springs  from  a seed  that  has  been  dropped,  by 
a bird  or  some  other  agency,  on  the  limb  of  a tree 
or  in  the  leaf  axil  of  a palm.  In  the  beginning  the 
plant  is  a true  epiphyte,  having  no  connection  with 


the  ground.  After  the  seed  germinates,  the  roots, 
being  geotropic,  begin  to  grow  downward.  At  first 
they  are  slender,  but  as  they  develop,  there  takes 
place  an  increase  in  diameter.  After  the  roots  enter 
the  ground  in  their  downward  passage,  the  fig  ceases 
to  be  an  epiphyte  in  a strict  sense  and  becomes  a true 
terrestrial  plant,  the  support  for  the  leafy  crown  being 
largely  composed  of  an  interlacing  and  anastamos- 
ing  system  of  tough  roots.  In  time,  if  the  fig  prospers, 
the  roots  completely  enclose  the  trunk  of  the  host 
tree  or  palm  and  a so-called  strangling  action  begins. 

In  the  later  stages  of  this  strange  association,  the  tree 
on  which  the  fig  began  its  development  appears  to 
emerge  from  a rigid  gray  sheath.  Finally  the  host  tree 
dies,  leaving  the  fig  perfectly  independent.  During 
the  formation  of  the  root  system,  rocks  or  other 
objects  that  are  in  the  way  are  often  enmeshed  and 
securely  held. 
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Parrotia  Persica:  An  Ancient  Tree  for  Modern 
Landscapes 

Robert  G.  Nicholson 


This  unusual  member  of  the  witch-hazel 
garden  throughout  the  year. 


Superb  woods  of  gigantic  oak,  beech,  ash  and  wal- 
nut trees,  of  apple,  pear,  cherry,  plum  and  apricot 
trees,  gladdened,  though  leafless,  the  eyes  of  the  spec- 
tator, deeper  in  the  mountains,  where  the  foot  of  a 
European  and  botanist  never  yet  trod  . . . 

— E Parrot,  Journey  to  Ararat,  1845 

The  land  of  Persia,  now  known  as  Iran,  has 
held  a storybook  fascination  to  Westerners 
ever  since  Marco  Polo  brought  back  tales  of 
exotic  customs  and  ancient  cities.  Botanists 
too  have  made  pilgrimages  to  this  moun- 
tainous country,  bringing  back  such  spring 
bulbs  as  tulips,  narcissus,  and  fritillaria  that 
have  since  become  horticultural  standards. 

Few  people,  however,  realize  that  in  addi- 
tion to  bulbs,  a rich  woody  flora  exists  in  cer- 
tain provinces  of  Iran.  One  of  the  more 
noteworthy  plants  is  the  Persian  iron- 
wood,  Parrotia  persica,  a little-known  member 
of  the  witch-hazel  family  (Hamamelidaceae). 
This  group  of  plants  is  familiar  to  most 
gardeners  for  its  hardy  shrubs,  the  yellow- 
flowered  witch  hazels  and  corylopsis,  as  well 
as  the  delightful  fothergillas,  native  to  the 
southeastern  United  States.  The  family  also 
includes  several  obscure  tropical  genera — 
Trichocladus , Diocoryphe,  Rhodoleia,  and 
Altingia — as  well  as  tree  species,  such  as  the 
sweet  gum,  Liquidambar  styraciflua,  and  Par- 
rotia persica,  the  subject  of  this  article. 

Persian  ironwood  is  considered  by  many 
horticulturists  to  provide  interest  in  every  sea- 


family adds  grace  and  beauty  to  the 


son.  However,  its  flowers,  appearing  as  early 
as  March  in  Philadelphia,  are  only  noticeable 
upon  close  examination.  Petals  are  lacking, 
but  a dense  cluster  of  scarlet  stamens  con- 
trasts beautifully  with  the  chocolate-brown, 
hairy  bracts — a beautiful  combination  of 
colors  that  works  well  in  early  spring  flower 
arrangements.  British  writers  describe  these 
flowers  as  producing  a hazy,  red  effect  en 
masse,  but  I have  never  seen  this  display  in 
the  United  States  and  suspect  either  that  they 
are  growing  different  strains  or  that  their  cli- 
mate maximizes  flower  production. 

The  new  foliage  first  appears  with  a reddish 
color  (much  like  gamey  meat)  but  turns  in 
time  to  a lustrous  medium  green.  The  leaves 
are  very  similar  to  those  of  fothergilla  and 
witch  hazel,  eight  to  ten  centimeters  long 
(3  to  4 in),  with  an  asymmetrical  base  and  a 
wavy,  round-toothed  leaf  margin  above  their 
midpoint.  Fall  and  winter  are  the  seasons 
when  Parrotia’s  stock  begins  an  uptick.  Its 
autumn  colors  are  spectacular,  at  its  peak 
a mix  of  scarlet,  maroon,  orange,  yellow, 
and  pink.  It  is  similar  to  the  fall  hues  of 
fothergilla — an  impressionistic  splash  of  vivid 
colors. 

Beneath  its  canopy  of  foliage  one  com- 
monly finds  a multi-stemmed  trunk  sheathed 
in  a subtly  beautiful,  mottled  bark.  As  with 
most  trees  displaying  exfoliating  bark,  this 
character  is  not  as  apparent  in  the  tree's  youth 
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as  in  its  old  age.  Panotia’s  bark,  while  simi- 
lar in  pattern  to  Pinus  bungeana  or  Platanus 
species,  is  unique  in  its  color,  showing  irregu- 
lar splotches  of  beige,  tan,  silvery  gray,  and  sil- 
very brown,  which  seem  to  flake  off  most 
heavily  in  the  fall. 

Parrotia’s  Origins 

Of  the  five  floristic  regions  of  Iran,  Panotia 
occurs  wild  in  only  one,  the  Hyrcanian 
Region.  This  area  falls  within  the  provinces 
of  Gorgan,  Mazandaran,  and  Ghilan,  and 
slopes  from  the  Alborz  mountains  of  north- 
ern Iran  northward  to  the  southern  shores  of 
the  Caspian  Sea.  The  Alborz  rise  as  high  as 
5600  meters  (18,375  ft)  and  form  an  effective 
barrier  to  rain  clouds,  making  the  region  one 
of  the  wettest  in  Eurasia.  Annual  rainfall 
totals  can  reach  200  centimeters  (80  in)  in 
Ghilan. 

Climatically,  the  region  resembles  the 
coastal  regions  of  northern  California  and  the 
western  slopes  of  the  Sierra  Nevada  moun- 
tains. The  weather  is  humid  and  mild,  with 
a relatively  limited  range  of  temperature  fluc- 
tuations. Spring  is  the  driest  part  of  the  year, 
and  fall  and  winter  the  wettest. 

Absolute  minimum  temperatures  in  some 
of  the  cities  on  the  Caspian  coast  reach  -9 
degrees  Centigrade  (15  F),  so  it  is  probably  safe 
to  assume  that  at  higher  altitudes  Panotia  is 
subjected  to  temperatures  around  -17  degrees 
Centigrade  (0  F).  One  striking  difference 
between  the  Caspian  and  northern  California 
flora  is  the  relative  paucity  of  conifers  that  are 
found  in  Iran.  While  the  northern  half  of 
California  has  almost  two  dozen  species  of 
conifers,  only  Thuja  orientalis,  Cupressus 
sempervirens,  Taxus  baccata,  and  two  species 
of  Juniperus  are  found  on  the  north  slopes  of 
the  Alborz,  in  limited,  sporadic  distribution. 

The  Hyrcanian  flora  shatters  our  preconcep- 
tions about  this  presumably  arid  country 
since  over  200  woody  taxa  have  been  cata- 
logued from  this  region,  including  such 
familiar  genera  as  Acer  (maple),  Betula  (birch), 
Carpinus  (ironwood),  Cornus  (dogwood), 
Fagus  (beech),  and  Quercus  (oak).  In  check- 
ing the  records  of  the  Arnold  Arboretum, 


Close-up  of  the  bark,  Parrotia  persica.  Photograph  by 
M.  Dirr. 


about  a third  of  these  200  taxa  are  represented 
on  the  grounds,  although  many  of  them  have 
a wide  Eurasian  range  and  were  not  necessar- 
ily collected  from  Iran. 

The  trees  of  the  Caspian  forest  that  are 
found  at  higher  altitudes,  around  2130  meters 
(7000  ft),  include  Alnus  subcordata,  Acer  hyr- 
canurri,  Ulmus  glabra,  Carpinus  orientalis, 
and  specimens  of  Fagus  orientalis  approach- 
ing 46  meters  (150  ft)  in  height.  The  under- 
story consists  of  Erythronium,  Scilla, 
Blechnum,  Galium,  and  a blueberry  with 
beautiful  fall  color,  Vaccinium  arctostaphylos. 

Next  to  the  sea,  on  the  Caspian  Plain,  the 
climate  supports  a humid,  mossy  forest,  in 
which  Quercus  castaneaefolia  dominates  an 
understory  of  Albizia  julibrissin,  Diospyros 
lotus,  Gleditsia  caspica,  and  Buxus  semper- 
virens.  Here  too  Pterocarya  fraxinifolia,  a 
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member  of  the  walnut  family,  forms  thickets 
along  streams,  and  one  also  finds  Mespilus 
germanica,  the  medlar,  with  its  edible,  rosa- 
ceous fruits. 

Parrotia  persica  is  said  to  be  found  from  sea 
level  to  over  900  meters  (3000  ft)  elevation, 
and  our  propagation  files  record  shipments  of 
seed  collected  wild  at  20,  200,  and  400  meters. 
On  steep  slopes,  it  forms  forests  in  association 
with  Carpinus  betulus  and  the  understory 
herbs  Cyclamen  elegans,  Hypericum 
androsaemum,  Primula  heterochroma,  and 
Epimedium  pinnatum. 

In  the  U.S.S.R.,  Parrotia  is  found  on  the 
western  side  of  the  Caspian  Sea  in  the  Talysh 
forest.  From  what  I could  determine  from 
examining  specimens  in  our  herbaria  and 
from  published  accounts,  it  grows  in  a very 
limited  area  of  the  southeastern  Caucasus 
mountains.  The  northernmost  location  I 


could  identify  was  the  Azerbaijani  town  of 
Masally,  about  40  miles  north  of  the  Iranian 
border. 

A number  of  British  collectors  have  recently 
surveyed  the  flora  of  Iran,  including  Roy  Lan- 
caster, John  Simmons,  and  T.  F.  Hewer.  Sim- 
mons, a curator  from  Kew  Gardens,  visited 
Iran  in  1977,  just  prior  to  the  outbreak  of 
hostilities  with  Iraq.  He  describes  with  elo- 
quent awe  one  stand  of  Parrotia  that  he 
visited: 

But  we  were  not  disappointed  by  the  parrotias  which 
formed  unique  stands.  To  go  amongst  these  unexpect- 
edly massive  trees  was  to  step  back  in  time.  Great 
flecked  trunks,  the  size  of  beech  with  aged  speci- 
mens grafting  boughs  where  they  touched,  and  all 
festooned  with  dripping  mosses.  The  stillness  of  this 
scene  and  its  associations  was  almost  mystical,  for 
beneath  their  seasonal  shade  grew  the  Caspian  box, 
Buxus  hycanus,  and  the  monocotyledonous  shrubs, 
Danae  racemosa,  with  its  large  red  berries,  and 
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The  oldest  specimen  o/Parrotia  persica  at  the  Arnold  Arboretum,  #2230,  planted  in  1881.  Photograph  by  M.  Dirr. 
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Ruscus  hyrcanus,  the  Caspian  butcher's  broom,  also 
fruiting,  with  a straggling  Smilax  malting  a related 
trio.  . . It  is  an  Hyrcanian  element,  that  is,  a relic  of 
the  great  Hyrcanian  flora  that  dominated  the  Holarc- 
tic  region  during  the  late  Tertiary  period  and  this  par- 
ticular fragment  of  forest  was  seemingly  unusually 
well  preserved  and  in  itself  a rarity,  a refuge  amongst 
the  refugia.  The  violent  reds  and  yellows  of  the  par- 
rotia's  autumn  foliage  have  an  almost  unreal  qual- 
ity and  happily  too  the  seedlings  from  this  ancient 
forest  are  now  showing  this  inheritance  at  Kew— 
though,  as  hoped,  each  small  tree  is  different,  some 
more  red,  others  yellow,  so  increasing  the  diversity 
available  for  gardens. 


Introduction  into  Cultivation 

The  first  published  reference  to  Parrotia  was 
by  the  French  botanist  Augustin  de  Candolle, 
who  in  1830,  using  specimens  collected  by 
Hansen,  described  the  plant  as  a species  of 
Hamamelis,  Hamamelis  persica.  A year  later 
Karl  Anton  Meyer  published  an  account  of  his 
collections  in  the  Caucasus  and  correctly 
assigned  the  tree  to  its  own  genus,  renaming 
the  plant  Parrotia  persica,  in  honor  of  F.  W. 
Parrot,  a German  naturalist  who  collected  in 
the  Caucasus  and  Turkey  and  was  the  first 
European  to  scale  the  massive  Mount  Ararat 
in  1829. 

By  1840,  Parrotia  was  reported  in  cultiva- 
tion in  Russia,  at  the  botanical  garden  in  St. 
Petersburg,  and  Kew  Gardens  received  a speci- 
men from  St.  Petersburg  the  next  year.  By 
1880,  Parrotia  reached  the  United  States, 
growing  at  the  Harvard  Botanic  Garden  in 
Cambridge,  Massachusetts.  The  Arnold 
Arboretum's  oldest  specimen  originated  as  a 
cutting  from  this  plant  in  1881.  Indeed,  most 
of  the  older  specimens  of  Parrotia  growing  in 
the  United  States  probably  trace  their  lineage 
back  to  the  Harvard  plant. 

The  collection  of  the  Arnold  Arboretum 
holds  a number  of  accessions  of  varying  ages, 
giving  us  a good  indication  of  Parrotia ’s  rate 
of  growth  here  in  Boston.  Our  largest  speci- 
men, from  1881  (#2230),  is  growing  near  the 
Center  Street  wall  at  the  base  of  a small  slope 
and  is  now  crowding  its  neighboring 
Pterocaryas  and  witch  hazels.  In  its  108  years, 


it  has  attained  a breadth  of  23  meters  (75  ft) 
and  a height  of  18  meters  (60  ft),  and  developed 
a thickly  leafed,  broadly  domed  canopy.  It  is 
multiple-trunked  with  eight  main  trunks,  two 
of  which  are  almost  a meter  and  a half  (5  ft) 
in  circumference  near  their  bases.  It  is  quite 
possibly  the  largest  specimen  of  Parrotia  in 
North  America  and  certainly  one  of  the  lar- 
gest in  cultivation  anywhere. 

Our  two  most  recent  accessions  of  Parrotia, 
planted  near  the  original  tree,  were  sent  to  us 
as  seed  in  the  1970s  from  the  Botanic  Garden 
in  Tehran.  The  older  (#541-75-A)  came  from 
seed  collected  at  Nouhahr  and  is  2.5  meters 
tall  (8  ft),  with  a 35-centimeter  (14  in)  circum- 
ference. Its  neighbor  (#490-77-A)  was  grown 
from  seed  collected  at  Sinangan  in  the 
province  of  Mazandaran,  and  is  now  three 
meters  high  (10  ft)  and  multi-stemmed. 
Between  these  saplings  and  the  aged  giant  is 
a grafted  scion  of  our  original  plant,  now  32 
years  old,  with  a height  and  breadth  of  8.5 
meters  (28  ft).  From  these  four  trees  we  can 
see  that  Parrotia  generally  grows  more  in 
width  than  in  height  and  that,  when  young, 
it  can  grow  20  to  30  centimeters  a year. 

The  Arboretum's  original  Parrotia  has  been 
used  in  a number  of  research  projects  as  well 
as  being  a source  of  propagation  material.  In 
1970,  A.  Linn  Bogle  used  this  tree  in  a com- 
parative study  of  floral  morphology  and  vas- 
cular anatomy  in  the  witch-hazel  family,  and 
in  1980  William  Buikema,  a Harvard  biology 
student,  used  the  plant  in  a chromosome 
study. 

Hybrids  and  Cultivars 

Despite  its  century  and  a half  of  cultivation, 
there  has  been  limited  selection  and  hybridi- 
zation work  with  Parrotia.  Sycoparrotia  semi- 
decidua is  the  product  of  hybridization  with 
a near  relative  from  Asia,  Sycopsis  sinensis. 
This  hybrid  is  quite  rare  and,  when  planted 
outside  at  the  Arboretum,  failed  to  survive  the 
winter  of  1981,  in  which  the  temperature 
reached  a low  of  -21  degrees  Centigrade  (-10 
F).  One  wonders  whether  a hybrid  with 
Fothergilla  or  Hamamelis  would  be  possible. 
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One  particularly  promising  selection  of  Par- 
rotia is  the  cultivar  'Pendula,'  a weeping  form 
of  the  species.  The  noted  English  plantsman 
Roy  Lancaster  told  me  that  this  cultivar 
"apparently  was  selected  from  a batch  of  seed- 
lings at  Kew  in  1934  by  its  propagator,  the  late 
Charles  Coates."  It  forms  a compact  mound 
of  arching,  pendulous  branches,  adding  a 
graceful  habit  to  the  assets  of  splendid  bark 
and  vivid  fall  foliage. 

Many  weeping  trees  are  at  their  best  when 
a light  dusting  of  snow  outlines  their  cascad- 
ing architecture,  and  the  reader  can  easily 
imagine  how  beautiful  the  weeping  Parrotia 
would  look  with  its  mottled  bark  contrasting 
with  the  fresh  snow.  I recommend  planting 
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Parrotia  persica,  from  Curtis’s  Botanical  Magazine, 
1868,  3rd  ser.,  vol.  24,  tab.  5744. 


the  tree  as  a specimen  in  a conspicuous 
place — on  a lawn,  by  a walkway,  or  in  a small 
multi-leveled  garden. 

Parrotia  persica  'Pendula'  has  only  recently 
been  brought  to  the  United  States:  the  Arnold 
Arboretum  and  North  Carolina  State  Univer- 
sity both  have  imported  plants  within  the  last 
few  years.  With  its  gracefully  mounding  habit 
and  brilliant  fall  color,  this  cultivar  is  sure  to 
become  more  widely  available  in  the  near 
future. 

Propagation 

Like  many  members  of  the  Hamamelidaceae, 
Parrotia  roots  quite  easily,  but  unlike  many 
of  its  tribe,  it  will  break  bud  and  leaf  out  after 
it  has  been  overwintered.  In  a cutting  trial  a 
few  years  ago,  I compared  eight  different  hor- 
mone treatments,  and  two  of  them  resulted 
in  over  90  percent  rooting.  In  one,  a talc-based 
powder  containing  0.8  percent  indolebutyric 
acid  (IBA)  was  used,  while  in  the  other,  the 
basal  ends  of  the  cuttings  were  soaked  for  24 
hours  in  an  aqueous  solution  of  0.04  percent 
IBA.  In  both  cases,  the  cuttings  produced 
extensive  root  systems  and  grew  well  after 
being  potted  up. 

In  a more  recent  trial  with  the  cultivar  'Pen- 
dula,' every  cutting  of  the  lot  treated  with  0.5 
percent  IBA  (dissolved  in  50  percent  alcohol) 
rooted  when  placed  under  mist  in  a medium 
of  pumice,  perlite,  and  shredded  peat  (6:  3:  1 
by  volume). 

The  seeds  of  Parrotia  show  a dormancy 
requirement  similar  to  those  of  Hamamelis-, 
that  is,  they  germinate  after  being  exposed  to 
a warm  stratification  period  of  five  months 
followed  by  a cold  stratification  period  of  three 
months. 
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The  Arnold  Arboretum  takes  pleasure  in 
offering  its  members  young  plants  of  both 
Parrotia  persica  and  its  cultivar  'Pendula.' 
A donation  of  $40  will  entitle  members  to 
one  Parrotia  persica  and  one  Parrotia  per- 
sica 'Pendula,'  the  products  of  the  propaga- 
tion research  described  in  this  article. 

Send  orders,  along  with  checks  payable 
to  the  Arnold  Arboretum,  to: 

Parrotia  Distribution,  Dana  Greenhouse 
Arnold  Arboretum 
125  Arborway 

Jamaica  Plain,  MA  02130-2795 
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Herbaceous  Perennial  Plants,  by  Allan  M. 
Armitage,  illustrated  by  Bonnie  Dirr.  Varsity 
Press,  Athens,  Georgia.  1989.  Pp.  xxiii  + 646. 
Hardcover  $45. 

Perennials  for  American  Gardens,  by  Ruth 
Rogers  Clausen  and  Nicolas  H.  Ekstrom.  Ran- 
dom House,  New  York.  1989.  Pp.  xviii  + 631. 
Hardcover  $35. 

This  year  has  brought  us  two  encyclopedic 
references  on  the  cultivation  and  characteris- 
tics of  the  plants  that  grow  in  modern  Ameri- 
can perennial  gardens.  Both  books  are 
impressive  and  authoritative  works,  resulting 
from  the  authors'  years  of  experience  with  her- 
baceous plants,  yet  the  two  works  stand  quite 
distinct  from  each  other  and  will  serve  differ- 
ent audiences.  Assuming  that  one  or  the  other 
belongs  in  every  gardener's  library  (since  it  is 
time  that  we  all  had  a reference  as  up-to-date 
as  the  nursery  catalogues  we  receive),  which 
book  belongs  on  your  shelf? 

If  you  want  lavish  color  photographs, 
Clausen  and  Ekstrom  will  most  likely  be  your 
choice.  More  than  three  hundred  and  fifty  of 
them,  many  full  page,  appear  in  the  text. 
Regrettably,  the  quality  of  their  reproduction 
is  highly  variable,  and  the  selection  of  illus- 
trations is  sometimes  questionable,  as  in  the 
case  of  Diascia  stachyoides,  which  receives 
only  a passing  mention  in  the  text:  "D. 
flanaganii,  a fine  plant  indeed,  is  no  longer 
considered  distinct  from  D.  stachyoides'.' 

Armitage,  on  the  other  hand,  has  relegated 
a selection  of  ninety-six  color  plates,  none 
larger  than  two-by-three  inches,  to  the  center 
of  the  book.  The  text  contains  instead  the 
delicate  line  drawings  of  Bonnie  L.  Dirr, 
whose  work  also  graces  her  husband  Michael 
Dirr's  Manual  of  Woody  Landscape  Plants. 


The  authors  have  also  chosen  different 
approaches  to  the  information  presented. 
While  Armitage  is  limited  in  his  selection  of 
genera,  he  covers  each  in  great  depth.  His  dis- 
cussion of  each  genus  includes  a "Quick 
Guide"  comparing  height,  flower  color,  and 
other  characteristics  in  a tabular  format,  a 
"Quick  Key"  to  the  species  covered,  and  a list- 
ing of  specialized  references,  including  jour- 
nal articles. 

He  provides  detailed  information  concern- 
ing propagation  methods,  whereas  Clausen 
and  Ekstrom  have  chosen  to  use  a single-letter 
code  to  identify  the  methods  used.  Clausen 
and  Ekstrom  present  a wider  range  of  plants 
than  Armitage,  although  as  a New  England 
gardener,  I must  note  that  about  30  percent 
of  the  genera  they  include  contain  no  species 
hardy  beyond  Zone  7.  While  Armitage  covers 
fewer  of  these  less  hardy  groups  (something 
of  a surprise  since  he  gardens  in  Zone  8),  he 
has  included  many  bulbous  species  not  found 
in  Clausen  and  Ekstrom. 

Armitage's  hardiness  ratings  are  more  con- 
servative than  those  of  Clausen  and  Ekstrom, 
varying  by  at  least  one  zone  in  at  least  one 
direction  on  most  entries.  Achillea  grandifo- 
lia,  an  extreme  example,  is  listed  by  Clausen 
and  Ekstrom  as  hardy  in  Zones  10  to  3 and 
by  Armitage  in  Zones  5 to  8. 

Clausen  and  Ekstrom  have  included  listings 
of  nursery  and  seed  sources,  specialist  socie- 
ties, and  display  gardens,  which  will  be  help- 
ful to  the  gardener  seeking  plant  material  or 
information,  although  they  are  not  cross- 
referenced  to  appropriate  plants.  Both  books 
include  glossary,  bibliography,  common  name 
index,  and  hardiness  zone  map.  Although  I 
found  Armitage's  common  name  index, 
which  refers  to  page  number,  easier  to  use 
than  Clausen  and  Ekstrom's,  which  refers  to 
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botanical  name,  I found  the  colors  of  Clausen 
and  Ekstrom's  hardiness  map  easier  to  read 
(despite  printing  errors,  which  left  some  sec- 
tions of  the  map  colorless)  than  the  varied 
hatching  in  the  Armitage. 

The  big  difference  between  these  references, 
however,  is  in  the  discussion  of  the  plants 
themselves.  Clausen  and  Ekstrom  describe 
Heuchera  micrantha  var.  diveisifolia  'Palace 
Purple'  as  follows: 

. . . has  bronze  leaves,  beet  red  beneath,  with  a wrin- 
kled surface.  A superb  foliage  plant  selected  by  the 
Royal  Botanic  Gardens,  Kew.  Readily  available. 

Armitage  says  of  the  same  plant: 

'Palace  Purple7  ('Powis  Purple7)  is  one  of  the  finest 
introductions  in  recent  years.  The  ivy-shaped  foliage 
is  deep  purple  but  the  color  is  deeper  in  the  spring 
and  fall,  fading  to  bronze  green  under  hot  summer 
conditions.  The  flowers  are  of  little  consequence  and 
should  be  removed.  There  is  a good  deal  of  variation 
in  depth  of  color  and  those  with  the  darkest  reds 
should  be  propagated  vegetatively.  A number  of 
southern  nurserymen  ...  are  actively  selecting  for 
richness  of  color  and  performance  in  the  South. 
Opinions  differ  as  to  its  origin  and  taxonomic  niche. 
Some  argue  that  it  was  selected  from  plants  at  Powis 
Castle  in  Wales  while  others  claim  it  to  be  the  result 
of  a chance  seedling  at  Kew  Gardens,  England.  It  has 
been  listed  under  H.  micrantha  var.  versicolor,  H. 


m.  var.  diveisifolia,  H.  micrantha,  and  H.  americana. 
Regardless  of  birthplace  or  pedigree,  it  is  an  eye- 
catching plant  worth  trying  at  the  front  of  the  shady 
garden. 

Clausen  and  Ekstrom,  respected  New  York 
horticultural  lecturers  and  design  consultants, 
have  produced  a more  beautiful  volume  and 
cover  a wider  range  of  plant  materials,  appeal- 
ing to  the  adventurer  in  every  gardener. 
Armitage,  an  associate  professor  of  horticul- 
ture at  the  University  of  Georgia,  has 
presented  a more  scholarly  discussion  pep- 
pered with  personal  observations,  addressing 
those  whose  interest  extends  beyond  the 
perennial  border  to  research  and  production. 

Both  books  have  limitations,  and  both  have 
strengths;  each  will  have  missed  at  least  one 
of  your  favorite  plants.  The  choice  of  which 
volume  belongs  in  your  library  is  your  own, 
although  I expect  that  many  will  find  both 
indispensable.  Rest  assured  that  whichever 
treatment  suits  your  style,  you  will  not  give 
the  book  time  to  gather  dust  on  the  shelf. 


Jennifer  Quigley  is  in  charge  of  plant  records,  mapping, 
and  labeling  at  the  Arnold  Arboretum.  She  is  also  an  avid 
rock  gardener. 
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number  of  copies  of  single  issue  published  nearest  to  filing  date:  3,576.  C,  Total  paid  and/or  requested  circulation. 
Average  number  of  copies  of  each  issue  during  preceding  12  months:  3,546.  Actual  number  of  copies  of  single  issue 
published  nearest  to  filing  date:  3,576.  D,  Free  distribution  by  mail,  carrier,  or  other  means  (samples,  complimentary, 
and  other  free  copies).  Average  number  of  copies  of  each  issue  during  preceding  12  months:  100.  Actual  number  of 
copies  of  single  issue  published  nearest  to  filing  date:  100.  E,  Total  distribution.  Average  number  of  copies  of  each 
issue  during  preceding  12  months:  3,646.  Actual  number  of  copies  of  single  issue  published  nearest  to  filing  date: 
3,676.  F,  Copies  not  distributed.  1,  Office  use,  left  over,  unaccounted,  spoiled  after  printing.  Average  number  of  copies 
of  each  issue  during  preceding  12  months:  1,354.  Actual  number  of  copies  of  single  issue  published  nearest  to  filing 
date:  1,324.  2,  Return  from  news  agents.  Average  number  of  copies  of  each  issue  during  preceding  12  months:  none. 
Actual  number  of  copies  of  single  issue  published  nearest  to  filing  date:  none.  G,  Total.  Average  number  of  copies 
of  each  issue  during  preceding  12  months:  5,000.  Actual  number  of  copies  of  single  issue  published  nearest  to  filing 
date:  5,000.  11,  I certify  that  the  statements  made  by  me  are  correct  and  complete.  Peter  Del  Tredici,  Editor. 
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